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PREFACE 


Wind  tunnel  calibration  of  the  Air  Force  Flight  Test  Center  (AFF.iw. 
noseboom  instrumentation  unit  (NBIU)  was  undertaken  as  part  of  a  joint 
USAF/NASA  research  program  called  the  Transonic  Aircraft  Technology  (TACT) 
program.  The  NBIU  calibration  was  planned  and  supported  by  numerous 
individuals  from  MASA/Dryden  Flight  Research  Center  (NASA/DFRC)  and  NASA/ 
Ames  Research  Center  (NASA/ARC)  as  well  as  AFFTC.  The  test  was  conducted 
by  personnel  from  N ASA/ARC  who  obtained  the  data  and  apnlied  normal  wind 
tunnel  corrections.  Since  the  puroose  of  the  calibration  was  TACT  project 
supnort,  no  formal  report  was  written,  and  data  was  transferred  informally 
to  oroject  personnel  from  AFFTC  and  NASA/DFRC.  The  data  was  transmitted 
as  "preliminary  and  subject  to  further  cnecks"  only  because  no  formal 
coordination  and  checking  was  done  and  not  because  of  any  doubts  about 
the  data.  The  data  was,  in  fact,  very  complete  and  highly  coherent. 

Credit  for  the  outstanding  quality  and  coherence  of  the  test  data  rests 
with  Mr.  James  C.  Daugherty  and  Lt  Col  (then  Captain)  Lowell  Keel,  USAF, 
of  NASA/ARC  who  planned,  ran,  and  aoplied  corrections  for  the  11-  by  11- 
foot  and  9-  by  7-foot  wind  tunnels  respectively.  Mr.  Daugherty  and  Lt  Co 
Keel  were  consulted  numerous  times  during  data  analysis  and  intrepreta- 
tion  and  their  insight  and  guidance  made  the  nresent  analysis  possible. 

The  final  fairings  and  interpretation,  however,  were  generated  solely  by 
the  authors  and  any  errors  or  misinterpretation  are  their  responsibility. 

The  analysis  of  the  NASA/ARC  data  presented  in  tnis  memorandum  was 
undertaken  to  define  a  calibration  of  the  AFFTC  NBIU  generally  applicable 
for  data  reduction  and  analysis  programs.  The  analysis  was  highly  de¬ 
pendent  on  the  consultation  of  Neil  W.  ilatheny  and  Glenn  M.  Sakamoto  of 
NASA/DFRC.  Without  the  consultation  and  notes  of  Neil  Matheny  determi¬ 
nation  of  nre-  and  post-test  calibration  procedures  would  have  been  impos¬ 
sible.  Glenn  Sakamoto's  consultation,  memos,  and  especially  his  previous 
analysis  of  the  data  contained  in  the  referenced  Technical  Note  were 
invaluable. 
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LIST  OF  SYMBOLS  AND  ABBREVIATIONS 


NOTE:  Symbols  in  parenthesis  are  computer  symbols 

ITEM 

DESCRIPTION 

UNITS 

SYMBOLS 

2.  (L) 

characteristic  length  of  body 

ft 

M 

Mach  number 

N-D 

R  (RE) 
e 
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Re/MRE/L) 

unit  Reynolds  number 

/foot 

o 
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deg 

S 
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deg 

S 

e 

compressibility  parameter,  B£  =  Jl-M2 
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a 
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following 

-  - 
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B 
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con 

convergence 
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local  flow 
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INTRODUCTION 


The  Air  Force  Fliqht  Test  Center  (AFFTC)  noseboom  instrumentali^,.. 
unit  (T13IU)  is  a  precision  instrumentation  package  desioned  for  quantita¬ 
tive  performance  fliaht  testing.  The  NAIL'  consists  of  a  pitot-static 
probe  for  sensina  total  and  static  pressure  and  a  f low-anole/f light  path 
accelerometer  unit  capable  oc.  sensing  angle  of  attack,  angle  of  sideslip, 
and  an  orthogonal  set  of  accelerations  in  the  vertical  plane  of  the  air¬ 
craft.  There  is  an  adapter  between  the  pitot-static  probe  and  the  flow- 
angle  sensor,  and  a  transition  section  to  connect  the  unit  to  a  noseboom. 
Chanaes  required  to  accomodate  the  two  accelerometers  within  the  flow-angle 
sensor  housing  cause  the  h'BIli  to  differ  sionificantly  from  NACA  and  other 
commonly  used  pitot-static/f low-anale  sensing  elements  in  size  and  shape. 
The  external  conf iauration  of  the  IIBIU,  which  is  toe  result  of  numerous 
decisions  and  compromises  made  during  the  original  development,  aas  unique 
aerodynamic  characteristics  which  have  been  defined  by  various  wind  tunnel 
tests.  This  renort  briefly  summarizes  the  various  configuration  changes 
which  took  place  aurino  development  and  describes  how  the  present  config¬ 
urations  evolved.  The  background  section  traces  the  AFFTC  NBIU  develop¬ 
ment  from  its  inception  to  the  nresent  configuration  and  describes  the 
numerous  wind  tunnel  tests  which  were  used  to  evaluate  the  cnanaes  and  to 
obtain  calibrations. 

The  present  calibration  resulted,  from  application  of  the  ZiFFTC  NBIU 
to  a  joint  USAF/NASA  research  program  known  as  the  Transonic  Aircraft  Tech¬ 
nology  (TACT)  Frogram.  Participants  in  this  program  included  NASA/Dryden 
Flight  Research  Center  (TIASA/DFRC)  ,  NASA/Ames  Research  Center  (NASA/ARC)  , 
as  well  as  AFFTC.  As  a  part  of  this  program,  personnel  from  the  tnree 
organizations  conducted  a  wind  tunnel  calibration  of  a  slightly  modified 
AFFTC  NBIU.  The  NBIU  was  tested  at  NAS/' /ARC  to  obtain  as  accurate  and 
complete  as  possible  calibration  of  the  pitot-static  probe  and  the 
flow-anole  sensor.  Although  both  the  pitot-static  and  flow-angle  sensor 
calibrations  were  obtained  successfully,  only  the  flow-angle  sensor  data 
and  analysis  are  documented  in  this  report. 

Data  from  the  NASA/ARC  test  wasquality  controlled,  corrected 
for  flow  anoularity,  and  transmitted  in  a  preliminary  form  to  ArFTC 
and  NA5A/DFRC  for  analvsis.  Data  were  analyzed  to  determine  the  relation¬ 
ship  between  indicated  and  true  angle  of  attack  and  angle  of  sideslip. 

Prior  to  developina  the  NBIU  calibration,  the  data  were  checked  to  ensure 
that  the  effects  of  wind  tunnel  flow  angularity  had  been  properly  removed. 
The  results  of  these  checks  and  subseouent  adjustments  are  presented  to 
demonstrate  the  coherence  of  the  data.  Schlerin  photographs  were  inves¬ 
tigated  to  establish  data  ranges  where  reflected  shocks  might  cause  prob¬ 
lems  with  data  analysis.  Correlation  of  these  investigations  with  unex¬ 
pected  data  results  are  noted  as  a  means  or  explaining  the  results.  The 
data  which  passed  preliminary  checks  was  used  to  develop  a  calibration 
of  the  NBIU  as  a  flow-anale  sensor.  /An  acceptable  calibration  was 
obtained  from  Mach  number  of  0.4  to  2.5  across  most  of  the  usable  an- 
gle-of-?ttack  and  angle-of-sideslin  range.  Revnold's  number  effects  were 
investigated  but  none  were  found.  The  calibration  which  resulted  from 
this  analysis  is  presented  as  are  measures  of  its  accuracy  and  consistencv. 
The  calibration  is  compared  with  the  angle-of-attack  data  in  Appendix  A 
and  with  the  anglo-of-sideslin  data  in  Appendix  L> . 
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The  calibration  identifies  significant  differences  between  the 
indicated  flow  angles  and  the  true  one3.  The  differences  in  tne  angles 
arise  from  local  flow  around  the  NBIU  itself  and  uowash  of  tile  noseboom 
used  durinq  the  wind  tunnel  test.  The  primary  source  is  local  flow 
effects  around  the  NBIU  itself  which  include  those  due  to  interference, 
local  separation,  shock  interaction  with  the  flow  field,  and  upwash/ 
downwash  of  the  NBIU  itself.  Since  these  effects  vary  with  things  such 
as  screw’  protrusion,  vane-to-vane  alicnment,  vane  roughness,  manufacturing 
tolerances  of  components,  and  slight  variations  in  NBIU  configuration,  they 
chance  little  with  various  amplications  of  the  NBIU.  Another  error  source 
Dresent  in  the  wind  tunnel  calibration  is  the  upwash  of  the  noseboom. 

Since  this  effect  varies  with  each  amplication,  a  method  was  develomed  to 
adjust  the  calibration  to  almost  any  other  noseboom.  conf iquration .  The 
method  of  anplyina  the  adjustment  to  the  calibration  is  discussed  in  the 
remort . 

The  calibration  obtained  fror  the  NASA/ARC  tests  was  programmed  into 
a  standard  software  mackage  anmlicable  to  any  project  using  tne  AFFTC  NBIU. 
A  programmer's  guide  and  complete  program  listinc  is  included  in  Appendix 
C.  The  calibration  was  obtained  from  data  transmitted  directly  from 
NASA/ARC  to  AFFTC  and  HASA/DFRC.  Because  no  other  remort  containing  this 
data  was  mublished,  the  entire  data  transmittal,  with  the  exception  of 
nitot-static  marameters,  is  included  in  Volume  II.  This  report  and  its 
aDmendices  should  give  any  user  the  abilitv  to  substantiate  the  calibration 
and  amply  it  tc  most  future  projects. 


BACKGROUND 


Early  investigations  into  the  capabilities  of  f liahtnath-orienteb  sc- 
celeroneter  systems  indicated  the  potential  to  significantly  increase 
the  ease  and  accuracy  of  obtainina  performance  data.  To  exploit  this 
potential,  the  Air  Force  Flinht  Test  Center  (AFFTC)  began  in  1967  to 
procure  hardware  to  demonstrate  the  advantages.  The  developed  hardware 
was  to  become  a  standard  piece  of  flight  tost  instrumentation  if  the 
expected  advantages  were  realized.  The  Develonnent  branch  with  engineering 
sunoort  of  the  Performance  and  Flying  Qualities  branch  developed  a  speci¬ 
fication  for  an  instrumentation  unit  to  be  mounted  on  a  standard  flight-tost 
nosebootn.  The  pronosed  hardware  would  incorporate  a  pitot-static  lend, 
angle-of-attack  and  ancrle-of-sideslin  sensors,  as  well  as  an  orthogonal 
accelerometer  set.  In  1968,  CO'IRAC  Cornoration  was  awarded  a  contract  to 
design  and  fabricate  a  prototvoe  of  the  integrated  noseboon  instrumentation 
unit  . 

The  desian  effort  resulted  in  a  simple  configuration  mounting  the 
lonaitudinal  and  normal  accelerometers  on  a  single  shaft  with  the  angle-of 
attack  vanes  attached  svmmetrically  or  both  sides  of  the  shaft.  Within 
limits  dictated  by  the  length  of  the  accelerometers  and  tne  diameter  of 
the  W3IU  housing,  the  anole-of-attack  vanes  were  free  to  rotate  and  align 
with  the  flow  oast  the  noseboon.  The  indicated  ancle  of  attack  of  the 
noseboon  was  determined  by  measuring  the  angle  that  the  vane  deflected 
from,  the  centerline.  At  the  same  tine,  the  longitudinal  accelerometer 
was  aligned  with  the  flow  and  the  normal  accelerometer  maintained 
perpendicular  to  the  flow.  Mounting  the  accelerometers  in  this  manner 
resulted  in  the  section  housing  the  anole-of-attack  vanes  and  tne  accel¬ 
erometers  being  considerably  larger  in  diameter  than  previous  noseboon 
units.  To  adant  the  flow  sensor  section  to  a  standard  pitot-static  head, 
a  conical  adapter  section  was  used.  Additionally,  this  original  design 
mounted  the  angle-of-sideslio-sensor  vane  alrost  directly  below  the 
angle-of-attack  vanes  with  the  anale-of-sideslip  vane  3  inches  aft  of 

the  angle-of-attack  vanes.  j 

The  configuration  oc  the  annle-of-attack  shaft  vita  tne  two  acceler-  i 

ometers  mounted  on  it  resulted  in  a  greatly  increased  moment  of  inertia  of  ; 

the  ancrie-of-attack  shaft.  The  low  aspect  ratio,  flat  plate  vanes  mounted 
on  lone  cylindrical  posts  combined  with  the  high  snaft  inertia  lacked  the 
aerodynamic/inertia  characteristics  to  provide  fast  response  and  good  damp¬ 
ing.  Thus,  as  a  part  of  the  design  effort,  a  new  vane  design  was  incorpo¬ 
rated  for  the  angle-of-attack  vanes  and  also  used  on  the  angle-of-sideslio  j 

vane  for  commonality.  These  vanes  had  a  constant-cnord  planform  with  a 
45  degree  sweep  angle,  a  high  aspect  ratio  and  a  wedge  cross  section.  In 
1970,  the  new  MBIU  hardware  was  delivered  to  AFFTC  for  acceptance  and 
development  testing. 
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Part  of  the  deve loomental  testing  was  a  calibration  of  the  errors  in 
indicated  angle  of  attack  and  anole  of  sideslip  to  local  flow  around 
the  TIBIU.  In  July  1970,  these  tests  began  in  the  PNT-4T  tunnel  at  the 
Arnold  "ngineerirg  Development  Center  (AEPC) .  The  tests  were  unsuccessful 
because  of  excessive  vane  oscillations  caused  by  vane  dynamic  instabilities. 
Viscous  dancers  wore  added  to  the  flow  angularity  sensing  system  and  a 
successful  calibration  was  obtained.  The  results  of  these  tests  are  com¬ 
plete  lv  documented  ir.  Reference  1.  Although  the  local  flov/  errors  were 
successfully  obtained  from  the  tests,  the  viscous  dampers  increased  the 
resDonse  time  to  an  intolerable  level.  The  problem  was  brought  to  the 
attention  of  personnel  from  the  Von  Karman  Gas  Dynamics  Facility  (VKF)  at 
the  AT DC .  Subsequently ,  an  agreement  was  reached  between  AFDC  and  AFFTC 
that  VKF  would  investigate  the  nrobler  and  attempt  to  solve  it  by  changing 
the  vane  aerodvnamic  shane. 

A  thorough  investigation  by  VKF  indicated  that  it  was  possible  to  in¬ 
crease  the  stability  the  vane  system  while  obtaining  acceptable  response 
characteristics  by  redesinn  oc  the  vanes.  Two  t'/oes  of  vanes  were  consid¬ 
ered  possible  candidates:  the  first  tvoe  was  similar  to  tne  original  de¬ 
sign  with  greater  sweep  and  lower  aspect  ratio  and  the  second  type  was 
flat  elate,  delta  planforms  with  cutoff  tips.  Two  configurations  of  the 
first  type  and  three  configurations  of  the  second  were  selected,  manufac¬ 
tured,  and  mass  balanced  by  VKF.  A  thorough  description  and  discussion  of 
selection  criteria  are  contained  in  Reference  2.  The  final  selection  of 
a  conf ieuration  was  to  b«  made  based  on  dynamic  stability  tests  run  in 
°'unnel  A  at  AFOC.  The  results  oc  these  tests,  as  documented  in  Reference 
2,  indicated  that  the  delta  nlanform  vanes  had  superior  damping  character¬ 
istics.  The  one  with  the  lowest  time-to-half-amplitude  and  simplest  sup¬ 
port  svstcm  was  selected  for  further  tostino  and  has  been  used  on  all  sub- 
seouent  AFFTC  'Jhir's.  The  natural  frequency  and  damping  obtained  from 
these  tests  are  given  ip  Fieure  1. 

Once  the  vane  design  selection  had  been  made,  a  complete  local  flov/ 
calibration  was  made  from  Mach  numbers  from  0.2  to  3.0  over  a  range  of  an¬ 
gles  of  attack,  angles  of  sideslin,  Reynolds  numbers,  and  orientations. 

The  results  of  these  tests  are  documented  in  Reference  2.  The  tests  indi¬ 
cated  acceptable  local  flew  errors  in  euv/le  of  attack  over  much  of  the 
Mach  ranco,  but  unacceptably  hioh  errors  in  the  transonic  range,  especial¬ 
ly  at  Mach  numbers  oc  1.1  to  1.3.  Frrors  ir  ancle  of  sideslin  were  accept¬ 
able  over  p-ost  or  the  ranee.  The  problem  was  attributed  to  shock/flow  in¬ 
teraction  caused  by  the  close  proximity  of  the  sideslin  vane  to  the  angle- 
of-attack  vanes  and  aggravated  b"  the  asymmetry  caused  by  a  single  anylc- 
of-sideslio  vane.  It  was  decided  that  more  acceptable  errors  could  be  ob¬ 
tained  if  the  angle-of-=idcslip  vane  was  moved  act.  COFRAC  was  tasked  with 
rovinn  the  anglo-of- sideslip  vane  act.  Spacers  wore  designed  and  fabri¬ 
cated  to  rove  it  6.28  and  12.28  inches  art.  The  spacer  for  6.28  inenes 
•./as  tested  first  ar.d  *:ound  to  bo  acceptable.  .After  selection  was  made, 
a  coa-nlotc  local  clov  calibration  was  made  on  the  new  J3IU  configuration 
for  the  Mach  ranee  fror  3.2  to  1.3.  The  results  of  this  test  are  given  in 
Reference  3. 

The  MBIT  conf iouration  which  resulted  from  this  test  was  determined 
to  meet  AFFTC  renuirements  and  the  design  was  finalized.  One  of  the  proto¬ 
type  "Fir’s  was  modified  to  the  new  configuration.  Subsequent  orders  for 
3  MPIU's  by  .AFFTC  were  based  on  this  design  as  were  numerous  other  boons 
purchased  hv  various  aircraft  contractors.  The  Mb IF ' s  of  this  design  were 
used  to  support  many  programs  from  1971  to  1981  includino  the  A-10,  F-15, 
B-l,  and  F-5. 


NATURAL  FREQUENCY  (HZ) 


AFFTC  NBIU  MODEL  2438-1  CALIBRATION 
AEDC  TUNNEL  A  -  TEST  VA0078  -  7  JUNE  1971 
REFERENCE  AEOC-TR-72-45  AND  FTC-TIH-73-4 


EQUIVALENT 

AIRSPEED 

(KNOTS) 

TOTAL 

TENPERATURE 
(DEO  R) 

NATURAL 

FREQUENCY 

(HERTZ) 

DANPINQ 

RATIO 

TINE 

TO  HALF 

RHPLITUDE 

(SECONDS) 

146. 

6.1 

kse 

7.8 

wmm 

0.314 

196. 

6.0 

Is 

10.6 

0.041 

0.256 

226. 

■SMI 

4.8 

Bp 

12.1 

0.034 

0.266 

617. 

36.6 

Km 

27.2 

0.013 

0.312 

626. 

1.60 

15.3 

19 

36.0 

0.015 

0.210 

666. 

2.50 

28.7 

II 

32.0 

0.016 

0.216 

A) TABULATED  DATA 


EQUIVALENT  AIRSPEED  (KNOTS) 

BIPLOT  AND  FAIRINOS 


FIOURE  U  NATURAL  FREQUENCY  AND  OAHPINO  RATIO 


DAMPINO  RATIO 


The  calibrations  from  the  AEDC  tests  were  reviewed  and  some  unalysis 
was  done,  but  the  results  failed  to  become  accented  for  standard  use  in 
performance  flight  tests  for  several  reasons.  Probably  the  biggest  reason 
was  the  limited  documentation  available  for  users.  Ho  AFFTC  report  was 
written  and  the  AEDC  reports  presenting  trends  and  basic  analysis  received 
limited  distribution.  The  tabular,  raw  data  received  an  even  more 
restricted  distribution.  Lack  of  documentation  and  raw  data  prohibited 
resolution  of  apoarent  inconsistencies  in  the  wind  tunnel  data,  Many  of 
the  annaront  inconsistencies  arose  from  absence  of  corrections  which  the 
user  must  make  durino  amplication  of  the  data.  Inconsistencies,  couoled 
with  lack  of  data  to  determine  necessary  corrections,  severely  lowered 
user  confidence  in  the  calibration.  Another  reason  was  tne  limited  data 
available  beyond  a  Mach  number  of  1.3.  Tests  on  the  final  configuration 
were  conducted  only  to  a  Mach  number  of  1.3,  and  the  calibration  relied 
on  previous  tests  of  other,  slightly  different,  configurations  to  cover 
the  Mach  number  range  from  1.3  to  3.0.  This  further  lowered  user 
confidence  and  discouraged  development  of  standard  software  implementing 
the  calibration.  As  a  result,  the  calibration  had  little  or  no  use  on 
operational  flight  test  proarams. 

AFFTC  and  NASA/DFRC  began  preliminary  planning  in  1971  for  the  super¬ 
critical  wine  research  nroaram  TACT.  The  accomplishment  of  a  wind-tunnel- 
to- flight- test  correlation  rcouired  very  accurate  determination  of  angle 
of  attack.  To  obtain  a  complete  calibration  of  local  flow  corrections 
adecruate  to  accomplish  the  program,  it  was  decided  to  calibrate  the  AFFTC 
NBIU  to  be  used  and  the  TACT  noseboom  in  a  wind  tunnel.  NASA/ARC  agreed 
to  a  very  comprehensive  series  of  tests  planned  by  the  tnree  involved 
agencies.  Prior  to  the  tests,  NASA/DFRC  changed  the  oitot-static  probe 
from  a  Rosemount  Model  852V  used  on  previous  AFFTC  NBIU's  to  a  Rosenount 
Model  852G.  This  chance  was  done  to  allow  use  of  a  probe  more  completely 
documented  by  UASA/DFRC.  The  chance  of  pitot-static  probe  required  a 
sliaht  redesign  of  the  transition  adapter  section  between  the  probe  and 
the  flow  ancrlc/f light  oath  accelerationQsensor .  The  redesign  involved 
changing  from  a  uniform  6°  slope  to  a  6°  slope  changing  to  a  9°  slope 
and  slightly  lengthening  the  transition  adapter.  A  comparison  of  the 
COM RAC  and  TACT  adapter/pitot-static  probes  is  shown  in  Figure  2.  T.ie 
redesigned  adapter  was  manufactured  by  NASA/DFRC  and  installed  on  tne 
MB IP.  Additionallv,  they  manufactured  an  "iron  pine"  model  of  the  TACT 
noseboon  and  shinned  the  unit  to  NASA/ARC.  NASA/ARC  performed  test 
number  11/97-731  which  consumed  140  hours  of  wind  tunnel  occupancy  between 
25  February  and  12  March  1973.  The  data  was  transmitted  to  NASA/DFRC 
and  AFFTC  for  determination  of  pitot-static  and  flow-angle  calibrations. 

The  flow  anale  calibration  data  was  initially  analyzed  by  NASA/DFRC 
and  documented  in  Reference  4.  The  report  documented  many  details  of 
the  NASA/ARC  tests  and  compared  the  AFFTC  NEIU  with  previous  NACA  probes. 
The  report  oresented  an  excellent  qualitative  analysis  of  local  flow  ef¬ 
fects  on  the  MB IP  and  clearly  showed  trends  in  the  data.  An  AFFTC 
analysis  was  undertaken  to  exoand  the  analysis  presented  in  the  NASA 
report,  document  the  data  taken,  and  develop  standard  software  applicable 
to  all  /'FFTC  MBIU's  used  on  flight  test  programs.  The  use  of  this 
software  and  adjustment  based  on  an  inflight  calibration  significantly 
improves  accuracy  over  a  total  inflight  calibration.  The  nroduction 
software  should  be  used  on  all  flinht  test  programs  utilizing  AFFTC 
tJBIU's  (Recommendation  1)  . 
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FIGURE  2 i  COMPARISON  OF  CONRAC  AND  TACT  ADAPTER/PITOT-STATIC  PROBES 


TEST  APPARATUS 

The-  NBIU  calibration  conducted  at  NASA/ARC  was  done  on  a  carefully 
selected  and  complete lv  documented  set  of  hardware.  The  NBIU  suoplied 
by  AFFTC  was  one  of  the  three  prototype  '-IF. It’s  built  by  CONRAC.  It  had 
been  modified  to  the  "oroduction"  status  in  terms  of  vane  configuration 
and  location.  A.s  described  in  the  previous  section,  the  pitot-static 
probe  and  pitot-static  adapter  had  been  changed  to  a  later  configuration. 
The  noseboom  supplied  by  NASA/DFRC  was  an  "iron  pine"  model  of  the  TACT 
noseboom.  Originally,  it  was  formed  from  several  indeoendently  machined 
senments  and  bolted  together.  During  installation  and  check  loading  in 
the  wind  tunnel,  it  was  noted  that  the  boom  had  excessive  deflection  in 
several  joints  due  to  mechanical  slop.  To  correct  this,  some  of  the 
joints  were  welded  prior  to  any  testino.  The  test  hardware  was  completed 
by  a  sting  mountinn  adanter  suonlied  by  NASA/ARC.  The  tunnel  sting 
mountina  system  available  in  both  MAS A/ ARC  tunnels  had  combined  movement 
in  angle  of  attack  and  angle  of  sideslip  of  about  30  degrees  and  was 
symmetric  about  the  tunnel  centerline.  NA3A/ARC  supplied  an  adapter  to 
offset  the  olus  or  minus  15  degrees  in  angle  of  attack  normally 
available  by  about  12.5  degrees.  This  allowed  testing  from  -3  to  +27 
degrees  in  angle  of  attack  as  desired.  Detailed  descriotions  of  the 
tunnel  stina  mounting  svstcn  and  adapter  were  omitted  because  it  was  deter¬ 
mined  thev  had  little  or  no  influence  on  the  flow  around  the  NBIU. 


on 


The  NBIU  and  noseboom  used  during  the  NASA/ARC  test  are  described 
in  detail  below.  Because  this  test  is  the  best  documented  and  most 
complete  calibration  of  an  AFFTC  NBIU,  the  best  accuracy  and  highest 
confidence  in  the  calibration  occurs  when  the  TACT  variant  of  the  NBl; 
is  used.  Although  the  differences  in  the  production  NBIU  and  TACT  con¬ 
figuration  are  minimal,  some  small  effects  of  the  change  may  occur. 

All  new  AFFTC  NBIUs  should  be  built  in  the  TACT  configuration,  and  all 
existing  NBIU’s  should  be  modified  when  practical  (Recommendation  2) . 

NBIU  CONFIGURATION 

The  NBIU  configuration  is  shown  in  Figure  3.  The  body  of  the 
angle-sensor/flight  path  accelerometer  is  a  tube  3.25  inches  in  diameter 
which  mounts  two  angle-of-attack  sensina  vanes  on  opposite  ends  of  a 
lateral  shaft  and  a  sinole  angle-of-sideslip  sensing  vane  on  the  bottom. 

The  vanes  whose  external  details  are  shown  in  Figure  4  are  the  "production" 
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vane  configuration  uses  on  all  AFFTC  NBIUs.  Prior  to  testing,  the  vane3 
were  cleaned,  checked  for  nicks  and  scratches,  and  checked  as  well  as 
possible  for  bendinq  or  warping.  At  the  sane  tine  the  two  angle-of-attack 
vanes  were  checked  for  vane-to-vane  alignment.  Normally  these  vanes  are 
aligned  to  each  other  and  to  the  sensitive  axis  of  the  longitudinal  accel¬ 
erometer  to  within  10  arc  seconds  or  .003  dearees.  The  checks  of  this 
unit  both  before  and  after  the  NASA/ARC  tests  showed  vane-to-vane  align¬ 
ment  to  within  only  0.05  decrees.  The  details  of  this  misalignment  which 
resulted  during  field  repair  of  the  NBIU  are  given  in  Figure  5.  Although 
this  misalignment  is  not  within  accented  standards,  it  was  decided  to 
leave  the  vanes  as  they  were  because  24  TACT  flights  had  already  been 
flown  and  calibration  data  were  needed.  It  was  determined  during  analysis 
of  the  calibration  data  that  effects  of  the  misalignment  were  clearly 
evident.  It  was  felt,  however,  that  the  effect  was  confined  to  a  small 
bias  in  the  calibration  which  was  easily  removed.  Thus,  the  misalignment 
did  not  materially  affect  the  calibration  or  reduce  confidence  in  the 
results . 


NOSE  OF  BOON 


LEFT  VHNE 
AVERAGE 
(D|- RIGHT  VANE 

ACCELERONETER  SENSITIVE  AXIS 


PRE-TEST*  POST-TEST'*’ 
MISALIGNMENT  MISALIGNMENT 
CHECK  CHECK 


®  MISALIGNMENT  BETWEEN  LEFT  AND 
RIGHT  ANGLE-OF-ATTACK  VANES 


0 .0527  DEG  0.0508  DEG 


<D  MISALIGNMENT  BETWEEN  EACH  VANE 
AND  AVERAGE  VANE  PLANE 


0.0263  DEG  0.0254  DEG 


<D  MISALIGNMENT  BETWEEN  AVERAGE 

VANE  PLANE  AND  LONGITUDINAL  0.0426  DEG  0.0462  DEG 

ACCELEROMETER  SENSITIVE  AXIS 

*PRE-TEST  CHECK  PERFORMED  AT  AFFTC  LABORATORY  AN0  NASA/DFRC 
+P0ST-TEST  CHECK  PERFORMED  AT  NASA/DFRC 


FIGURE  5:  ANGLE-OF-ATTACK  VRNE  MISALIGNMENT 
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The  angle-of-attack  vane  shaft  and  angle-of-sideslip  vane  shaft  ride 
internally  on  precision,  low  friction  ball  bearings  which  allow  them  to 
rotate  freely  and  align  with  the  local  flow  around  the  NBIU.  The  ro'.  ion 
of  both  shafts  relative  to  the  body  of  the  NBIU  are  sensed  with  a  syncn^o 
arrangement.  The  orthogonal  set  of  accelerometers  -  one  parallel  to  the 
angle-of-attack  vanes  and  the  other  perpendicular  -  are  a  large  assembly 
which  limit  the  travel  of  the  angle-of-attack  vanes  by  contacting  the 
bottom  of  the  case  or  the  pitot-static  lines  routed  along  the  top  of  the 
section.  The  angle-of-attack  vanes  for  this  particular  system  were  phys¬ 
ically  constrained  to  deflection  from  -3  degrees  (vane  trailing  edge  down, 
TED)  to  +28  degrees  (vane  trailing  edge  up,  TEU)  relative  to  the  boom 
centerline.  The  negative  limit  was  constrained  slightly  from  its  normal 
limit  of  aoorox irately  -5  degrees  because  the  pitot-static  lines  were 
sliohtly  shifted  from  their  normal  position.  The  anqle  of  attack/acceler¬ 
ometer  system  represented  a  large  mass  which  could  affect  sensed  angle  of 
attack  if  not  mass  balanced.  During  preliminary  checks,  the  mass  balance 
was  checked  and  found  to  be  within  acceptable  limits.  The  angle-of-sideslip 
vane  was  physically  constrained  to  travel  from  -15  degrees  (vane  trailing 
edge  right,  TER)  to  +15  degrees  (vane  trailing  edge  left,  TEL) .  The 
angle-of-sideslio  vane  is  mass  balanced  at  the  factory  and  is  not  adjust¬ 
able  thereafter;  a  considerable  out-of-balance  condition  was  noted  on 
the  test  nbiu. 

The  body  is  generally  completed  by  a  transition  section  to  attach 
the  NBIU  to  the  noseboom.  This  section  has  access  doors  which  allow 
the  aircraft  pitot-static  lines  to  be  disconnected  from  the  NBIU  so  the 
rum;  can  be  removed  from  the  noseboom.  Although  tne  transition  section 
is  required  on  the  production  NBIU's,  it  was  not  used  on  the  TACT 
aircraft.  Design  of  the  prototype  NBIU's,  such  as  used  on  TACT, 
included  access  doors  on  the  f low-ancle-sensor  housing.  For  development 
of  a  calibration  applicable  to  all  NBIU's,  however,  the  transition 
section  must  be  included.  Therefore,  the  first  7.62  inches  of  the  TACT 
noseboom  were  considered  to  be  part  of  the  NBIU  for  purposes  of  this 
calibration.  Since  the  forward  section  of  the  noseboom  had  a  3.25  inch 
diameter,  which  is  the  same  as  the  normal  transition  section,  tnis  gave 
exactly  the  same  external  configuration  as  a  production  NBIU  and  a 
foreshortened  noseboom  would  have.  This  is  strictly  a  "bookkeeping" 
exercise  vhich  can  be  ignored  for  purposes  of  working  with  the  NA.SA/ARC 
data.  It  is  very  important,  however,  in  determining  noseboom  lengths 
for  making  noseboom  configuration  corrections  as  discussed  later. 

NBIU  PITOT-STATIC  PROBE  AND  ADAPTER 

The  NBIU  was  eouiooed  with  a  Rosemount  852G,  uncompensated  oi tot- 
static  probe.  As  shown  in  Figure  6,  the  probe  has  one  total-pressure 
and  two  independent  static-pressure  sources.  The  probe  is  manufactured 
as  a  single  niece  with  its  forward  16.935  inches  exposed  and  an  additional 
2.375  inch  long, 1.312  inch  diameter  section  designed  to  slide  within  the 
pitot-static  adapter.  The  mating  section  had  two  groups  of  3  equally 
spaced,  self-locking  nutnlates.  The  adapter  shown  in  Figure  7  has  iden¬ 
tical  patterns  of  countersunk  holes  which  matched  the  oitot-static  probe. 

The  adapter  had  a  similar  smaller  section  which  slid  within  the  NBIU  body. 
When  the  unit  was  assembled,  a  considerable  amount  of  roughness  resulted 
from  the  holes  and  protruding  screw  heads  at  both  junctions.  Consider¬ 
ation  was  given  to  filling  the  voids  with  putty  to  reduce  the  surface 
roughness,  but  in  general  this  is  an  inoratical  practice  and  the  holes 
were  left  unfilled.  It  was  felt  that  tnis  would  be  more  representative 
of  typical  NBIUs. 
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FIGURE  Ot  flFFTC  NBIU  PITOT-STATIC  TUBE 


WIND  TUNNEL  NOSEBOOM 


The  noseboom/MBIU  installation  for  the  wind  tunnel  is  shown  in  Fig¬ 
ure  8.  This  installation  is  the  conf iauration  on  which  the  data  analyzed 
in  the  following  section  was  obtained.  It  is  important  to  remember  that 
this  is  a  unique  configuration  and  the  calibration  is  applicable  only  to 
NE IU's  mounted  on  this  noseboom  configuration.  If  a  noseboom  configuration 
other  than  that  shown  in  Figure  8  is  used,  a  correction  must  be  made  to  the 
calibration  to  account  for  the  differences  as  discussed  in  tne  Results 
section  of  this  memorandum. 


FIOURE  8 i  HIND  TUNNEL  N08EB00N  CONFIGURATION 
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TEST  EVALUATION 

A  thorough  evaluation  of  the  test  conducted  in  the  dAGA/ARC  wind 
tunnels  was  accomplished  prior  to  data  analysis.  in  conjunction  wit;, 
personnel  from  NASA/ARC  and  KASA/DFRC ,  the  cnaracteristics  of  the  test 
facilities,  test  procedures,  preliminary  data  corrections,  and  data 
characteristics  were  established.  This  was  necessary  to  precisely  define 
what  corrections  had  been  made  and  what  furtner  corrections  were  required 
during  analysis  of  the  preliminary  data.  Studies  of  facility  character¬ 
istics  established  inherent  limitations  and  resulted  in  an  estimation  of 
expected  accuracies  based  on  RASA/ARC  experience  with  the  test  tunnels. 
Knowledge  of  the  test  facilities  also  aided  in  explaininy  inconsistent 
results  which  were  noted  in  the  transonic  region.  Studies  of  procedures 
used  in  preparing  for  and  conducting  the  test  established  tnat  with  one 
small  exceDtion  procedures  were  more  than  adequate,  dtudy  of  the  data 
transmitted  to  AFFTC  and  subsequently  to  KAdA/DFRC  establisheu  that  all 
planned  corrections  had  been  made  correctly.  The  evaluation  proveo 
that  extreme  care  had  been  taken  in  preparing  for  and  conducting  the 
tests  and  correcting  the  data,  and  provided  a  high  level  of  confidence 
in  the  results  of  the  subsequent  analysis. 

TEST  FACILITY 

The  'JBIU  tests  were  conducted  in  the  rnitary  Plan  hind  Tunnel 
facility  at  K AS A/ ARC  as  described  in  References  5  and  6.  Tests  were  con¬ 
ducted  in  both  the  11-  by  11-foot  transonic  wind  tunnel  ana  tne  9-  x  7- 
foot  suoerscnic  wind  tunnel.  Roth  tunnels  were  capable  of  ooeration 
over  a  range  of  preciselv-controlled  Mach  numbers  while  stagnation 
pressure  could  be  varied  independently  to  facilitate  studies  at 
different  Reynold's  numbers  and  dynamic  pressures,  botn  tunnels  hac 
model  support  hardware  capable  of  precision-controlled  movement  in  two 
orthogonal  directions  and  roll  about  the  noseboom  centerline.  Geometric 
orientation  and  position  of  the  h'SIU  relative  to  tne  tunnel  centerline 
was  controlled  and  recorded  on  an  automated  data  system.  Concurrently, 
the  indicated  values  of  angle  of  attack,  angle  of  sideslip,  and  pitot- 
static  parameters  from  the  h’BIU  were  recorded,  bchlieren  photographs 
were  made  for  flow  visualization  and  analysis  at  most  test  conditions. 


11-  X  11-FOOT  WIND  TUNNEL: 

The  11-  by  11-foot  wind  tunnc  1  is  a  closed-return,  variable  density 
tunnel  with  a  fixed  geometry,  ventilated  test  section,  and  a  nozzle  com¬ 
prised  of  flexible  sidewalls,  each  actuated  by  a  single  jack.  Airflow  is 
produced  by  a  three-stage,  axial-flow  compressor  powered  by  four  tandem, 
wound-rotor,  variable-sneed  induction  motors  capable  of  generating  a  total 
of  180,000  horsepower  continuously.  The  Mach  number  capability  of  this 
tunnel  is  O.d  to  1.4.  Variable  density  is  achieved  by  varying  stagna¬ 
tion  pressure  from  0.3  to  2.25  atmospheres. 

The  flexible  sidewall  nozzle  of  the  11-  by  11-foot  tunnel  produces 
very  uniform  flow  through  the  test  section  with  very  low  flow  angularity. 
Mumerous  calibrations  over  an  extended  period  of  time  have  shown  typical 
values  of  flow  angularity  in  the  ar.qle-of-attack  direction  to  be  less  than 
0.15  decrees  and  in  the  anole-of-sideslio  direction  to  be  less  than  0.1 
decrees.  The  model  support  svster  has  movement  of  approximately  30  degrees 
in  the  normal  pitch  direction  (wines  level)  and  approximately  30  degrees 
in  the  normal  yaw  direction.  For  the  M15IU  calibration,  b AS A/ ARC  supplied 
an  adapter  to  bias  the  ''.itch  movement  by  about  12.5  decrees  and  allow 
tcstino  from  -3  to  27  decrees. 

9-  X  7-FOOT  WIND  TUNNEL: 

The  9-  by  7-foot  wind,  tunnel  is  a  closed-return,  variable  density 
tunnel  emuinned  with  an  asymmetric,  slidinc-block  nozzle  and  a  flexible 
upper  plate.  Variation  of  the  test  section  Mach  number  is  achieved  by 
translating  in  a  streamwise  direction,  a  fixed  contour  block  that 
forms  the  floor  of  the  nozzle  anc.  test  section.  The  electrical  drive 
svster'  is  common  to  both  the  11-foot  tunnel  and  the  9-  by  7-foot  tunnel. 

The  Mach  number  ranoo  of  this  tunnel  is  1.5  to  2.5.  Variable  density 
is  achieved  by  varying  staonntion  pressure  from  0.3  to  2.0  atmospheres. 

The  asymmetric,  s lidi.no  block  nozzle  of  the  9-  bv  7-foot  tunnel 
produces  nonuniform  flow  through  the  test  section  with  extremely  large  and 
variable  flov.'  angularity  in  the  vertical  plane.  The  large  variation  in 
the  vertical  plane,  which  can  be  as  much  as  three  to  four  degrees  between 
floor  and  ceilinc,  was  anticipated  aurinc  tunnel  design  and  the  model 
support  system  was  designed,  with  its  normal  pitch  direction  in  the 
horizontal  plane.  The  model  support  system  also  maintains  the  model 
center  of  rotation  on  the  lateral  centerline  of  the  tunnel  so  that 
chance  in  angular  orientation  of  the  model  in  the  normal  angle-of-attack 
direction  doesn't  result  in  movement  of  the  model  from  the  tunnel 
centerline.  For  the  MPIP  test,  the  center  of  rotation  was  located  at 
the  centerline  of  the  ancle-of-attack  vanes.  Because  the  test  article 
doesn't  move  within  the  test  section,  flow  angularity  in  the  angle-of- 
attack  direction  t"oicallv  can  be  maintained  below  0.05  degrees.  Move¬ 
ment  in  the  ar.cle-of-sideslin  direction,  however,  encounters  changes 
in  flow  angularity  on  the  order  of  1.0  degree  and  must  be  carefully 
corrected.  The  model  sunnort  system  of  the  9-  by  7-foot  tunnel  has 
movement  of  approximately  30  degrees  in  the  normal  pitch  direction 
(wings  vertical)  and  approximate iv  30  degrees  in  yaw.  Again  the  travel 
was  biased  to  allow  tcstino  from  -2  to  16  degrees. 
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TEST  DATA 


Daca  was  obtained  from  the  11-  by  11-foot  and  9-  by  7-foot  tunnels 
across  the  range  of  useable  Mach  number  and  range  of  the  model  support 
system.  At  selected  Mach  numbers  several  Reynolds  numbers  were  run  to 
insure  that  Reynolds  number  effects  were  not  present.  In  both  tunnels 
extensive  tests  were  run  to  define  flow  angularity  corrections  and  obtain 
the  most  accurate  results  possible.  Flow  angularity  data  was  obtained 
in  both  the  normal  pitch  and  yaw  directions.  A  summary  of  the  Mach  num¬ 
bers,  Reynold's  numbers,  angles  of  attack,  and  anqles  of  sideslio  are 
presented  in  Table  1.  The  run  schedule  for  each  tunnel  and  a  summary  of 
the  data  concerninn  test  conditions,  angle  of  attack,  and  angle  of  side¬ 
slip  are  contained  in  Volume  II  of  this  memorandum. 


TABLE  is  TEST  VARIABLES 


MIND 

TUNNEL 

MACH 

NUMBER 

UNIT 

REYNOLDS 

NUMBER 

(/FOOT) 

«B 

(DEGREES) 

(DEGREES) 

11-  X 

ll-FOOT 

0.40 

2.0 

X 

106 

-2 

TO 

— 

22 

-2 

TO 

12 

0.60 

2.6 

X 

106 

-2 

TO 

22 

-2 

TO 

12 

0.80 

2-1 

X 

106 

-2 

TO 

22 

-2 

TO 

12 

0.90 

2.0 

X 

106 

-2 

TO 

22 

-2 

TO 

12 

3-3 

X 

I0B 

-2 

TO 

10 

0 

5.5 

X 

106 

-2 

TO 

10 

0 

0.95 

l  .8 

X 

106 

-2 

TO 

22 

-2 

TO 

12 

1  .05 

2.8 

X 
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-2 

TO 

22 

-2 

TO 

12 

l  .10 

2.9 

X 
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-2 

TO 

22 

-2 

TO 

12 

1  .20 

3.1 

X 
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-2 

TO 

22 

-2 

TO 

12 

1 .30 

2.4 

X 

10® 

-2 

TO 

22 

0 

3-7 

X 

10® 

-2 

TO 

22 

-2 

TO 

I2j 

l  .40 

4.1 

X 

10® 

-2 

TO 

10 

0 

9-  X 

7-FOOT 

1  .51 

2.0 

X 

10® 

-2 

TO 

16 

0 

4.0 

X 

10® 

-2 

TO 

16 

-2 

TO 

X2_ 

1  .71 

3.7 

X 

10® 

-2 

TO 

10 

0 

1  .91 

4.3 

X 

10® 

-2 

TO 

16 

-2 

TO 

12 

2.11 

4  .2 

X 

10® 

-2 

TO 

16 

-2 

TO 

12 

2.31 

4.1 

X 

10® 

0 

TO 

16 

10 

TO 

12 

2.41 

3.7 

X 

10® 

-2 

TO 

10 

0 

2.54 

3.6 

_x_ 

10® 

-2 

TO 

16 

TO 

12j 

11-  X  11-FOOT  WIND  TUNNEL 
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Data  were  obtained  in  the  11-  by  11-foot  wind  tunnel  fron  Mach  number 
of  0.40  to  a  Mach  number  of  1.40.  At  Mach  number  of  0.90,  three  unit 
Reynolds  numbers  were  run  and  at  Mach  number  of  1.30  two  unit  Reynolds 
numbers  were  run.  At  most  Mach  numbers  data  were  obtained  across  the 
anale-of-attack  and  angle-of-sideslin  ranee.  Primary  method  of  obtaining 
data  was  to  accurately  establish  ancle  of  attack  at  some  value  between 
-2  and  22  in  2  degree  increments  and  sweet?  angle  of  sideslip  in  2  degree 
increments  between  -2  and  12  degrees. 

®-  X  7-FOOT  WIND  TUNNEL: 


Data  were  obtained  in  the  9-  by  7-foot  wind  tunnel  from  Mach  number 
of  1.51  to  2.54.  At  a  Mach  number  of  1.51,  two  unit  Reynolds  numbers 
were  run.  At  most  Mach  numbers  data  were  obtained  across  the 
angle-of-attack  and  anale-of-sidesliD  range.  Again  the  primary  method 
of  obtaining  data  was  to  accurately  establish  angle  of  attack  at  some 
value  between  -7  and  16  decrees  in  2  degree  increments  and  sweep  angle 
of  sides lin  in  2  decree  increments  between  -2  and  12  degrees. 

DATA  ACCURACY 

Accuracy  of  the  calibration  data  was  of  primary  importance  in  conduct¬ 
ing  the  wind  tunnel  tests.  Care  was  taken  to  consider  any  correction  which 
micht  have  a  sionificant  effect  on  accuracy  and  to  make  those  corrections 
which  were  important.  Procedures  used  in  preoaring  for  and  conducting  the 
tests  were  examined  to  insure  they  were  adequate  and  correctly  made.  The 
tests  were  well  documented  in  engineer’s  notes  and  an  extensive  review 
indicated  a  good  job  had  been  done  in  achievinr  accurate  results.  An 
assessment  was  made  of  the  test  accuracy  and  it  was  concluded  the  accent- 
able  accuracy  had  been  achieved. 

TEST  WBIU: 

The  test  MB IU  was  examined  to  insure  that  it  was  in  good  condition 
and  that  it  was  representative  oF  the  conf icuration  of  the  AFFTC  UlilU . 

The  examination  included  checks  of  the  physical  configuration  for  damage 
and  mis adjustment  as  well  as  checks  of  the  transducers  and  calibrations. 

Mass  Balance.  The  arglc-of-attack/f light-nath  acceleration 
assembly  consisting  oc  the  ar.ole-of-attack  vanes  and  accelerometers  is 
norrallv  mass-balanced  to  avoid  vane  misalignment  due  to  accelerations. 

A  moveable  mass  is  provided  to  allow  adjustment  of  the  mass  balance. 
Although  the  problem  is  not  as  pronounced  as  in  flight,  mass  balance 
problems  do  affect  wind  tunnel  data  because  of  varying  gravitational 
component  as  angle  of  attack  is  varied.  To  preclude  errors  in  the  data 
due  to  out-of-balance  condition,  the  MBIT,'  was  checked  orior  to  shipment 
to  MI'S  A /ARC  and  found  to  bo  within  limits.  Similar  checks  were  made 
of  the  mass  balance  of  the  angle-of-sides lio  vane  assembly.  Although 
the  assembly  was  found  to  be  considerably  out  of  balance,  tne  work  and 
delays  required  to  correct  the  balance  were  not  considered  necessary  to 
obtaining  an  acceptable  calibration. 
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Vane  Condition.  The  ar.ale-of-attack  and  angle-of-sideslip  vanes 
were  examined  and  found  to  be  in  very  good  shaDe;  no  nicks,  bending,  or 
warping  were  noted  which  would  affect  the  calibration. 

Vane  Alignment.  Prior  to  use  and  periodically  throughout  flight 
test  programs,  the  alignment  of  the  vanes  is  checked  to  assure  that  the 
left  and  right  vanes  are  aliened  with  each  other  and  with  the  sensitive 
axis  of  the  longitudinal  accelerometer.  Accented  standard  for  use  at 
AFFTC  is  alignment  within  10  arc  seconds  or  .003  degrees.  Checks  of  the 
test  unit,  however,  showed  vane-to-vane  alienment  to  within  only  0.05 
degrees.  The  details  are  given  in  Figure  5.  Investigation  of  the  mis¬ 
alignment  and  its  effect  on  the  quality  of  the  calibration  was  done.  The 
investigation  revealed  that  all  indicated  anale-of-attack  values  taken 
by  MASA/DFRC  were  based  on  readings  halfway  betv.’een  the  left  and  right 
vane  and  that  all  corrections  were  done  correctly  and  consistently  as 
shown  by  a  comparison  of  the  ore-  and  post-test  measurements.  The  mis¬ 
alignment  was  not,  evidently,  communicated  to  NASA/ARC  personnel  cali¬ 
brating  the  angle-of-attack  vane  indicated  values. 

The  calibration  oc  the  angle-of-attack  vane  synchro  transmitter 
was  described  in  reference  4.  "A  snlit-bubble  clinometer  accurate  to  6 
seconds  was  mounted  on  the  boom  and  simultaneous  readings  were  taken 
from  it  and  the  vane  synchro  transmitter.  A  bubble  level  accurate  to  3 
seconds  was  affixed  to  the  anale-of-attack  vane  to  indicate  the  leve] 
vane  condition."  Since  the  two  vane  system  would  respona  like  a  vane(s) 
halfway  between  the  two  vanes,  a  bias  of  approximately  0.025  degrees 
was  introduced  into  the  indicated  anale-of-attark  values.  The  sign  of 
the  bias  was  dependent  on  which  vane  the  bubble  level  was  Placed.  The 
effects  on  the  calibration  data  are  discussed  in  a  later  section. 

TEST  NOSEBOOM: 

The  noseboor.  used  in  the  ::'5A/APC  test  was  an  "iron-pipe"  model  of 
the  actual  TACT  noseboom.  Durine  final  check  loading,  approximately 
100  pounds  was  applied  i”  the  positive  lift  direction  with  negligible 
deflection  in  either  the  boon  or  model  support  system,  do  loads  were 
applied  in  a  lateral  direction. 

MODEL  SUPPORT  SYSTEM: 


The  model  support  svstem  was  instrumented  to  provide  "geometric"  true 
angle  of  attack  and  true  angle  of  sideslip.  The  geometric  values  were  rel 
ative  to  the  tunnel  centerline  and  would  be  the  true  values  if  there  were 
no  stream  flow  angle.  These  values,  when  corrected  for  flow  angularity, 
were  used  as  true  angle  of  attack  and  true  angle  of  sideslip.  The  drive 
unit  was  calibrated  using  a  laser  mounted  on  the  noseboom  and  directed 
toward  a  fixed  target  upstream  of  the  test  section,  hysteresis  was  detect 
ed  in  the  drive  unit  and  was  minimized  by  always  approaching  tne  angle  of 
attack  set  in  the  tunnel  from  a  higher  angle  of  attack  when  taking  test 
data. 


TRUE  FBEE8TBEAM  MACH  NUMBER; 

The  freestream  Mach  number  was  obtained  from  standard  wind  tunnel  cal 
ibrations  run  by  MASA/ARC  as  described  in  reference  6. 
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11-  3y  11-Foot  Wind  Tunnel.  The  Mach  number  calibration  of  the 
11-  by  11-foot  wind  tunnel  is  based  on  measurement  of  stagnation  pressure 
by  a  pitot  probe  located  in  the  stilling  chamber  and  on  measurement  of 
static  pressure  along  the  tunnel  centerline.  The  static  pressure  measure¬ 
ments  were  accomplished  by  means  of  a  long,  two  inch  diameter  pipe,  mounted 
under  tensile  load  along  the  tunnel  centerline,  running  from  the  stilling 
chamber  to  the  strut  support  system  located  downstream  of  the  test  section. 
Orifices  located  at  twelve  inch  intervals  along  the  pipe  sense  the 
" clear-tunnel"  static  pressure.  (A  second  pipe  with  twelve  inch  orifice 
soacing,  strut  mounted  IS  inches  off  the  floor  during  subsonic  calibration, 
essentially  verified  the  centerline  measurements.)  Calculations  based  on 
the  measured  values  of  stagnation  and  static  cressure  provide  calibration 
of  clear-tunnel  Mach  number. 

9-  by  7-Foot  ..'ind  Tunnel.  The  Mach  number  calibration  of  the  9- 
by  7- foot  wind  tunne 1  Is  based  on  measurement  of  stagnation  pressure  by  a 
pitot  probe  located  in  the  stilling  chamber  and  on  measurement  of  total 
pressures  every  inch  along  the  tunnel  centerline.  Such  measurements  were 
made  by  translating  a  small  cone  of  about  one-half  inch  diameter  with  a 
ten  degree  half  ancle  along  with  tunnel  centerline  by  means  of  a  rack-and- 
ninion-drive  support  system..  The  nose  of  the  cone  was  blunted  to  form  a 
small-diameter,  sharp-edged,  total-head  orifice.  Calculations  based  on 
the  measured  values  of  stagnation  pressure  in  the  stilling  cnamber  and 
total  pressures  along  the  tunnel  centerline  provided  calibration  of 
clear-tunnel  Mach  number. 

These  c* 1 ibrations  were  used  to  obtain  the  freestream  Mach  number 
used  in  data  analysis. 

FLOW  ANGULARITY  CORRECTION: 

The  data  were  required  to  be  corrected  for  flow  angularity  in  the 
wind  tunnel  test  section  to  obtain  most  accurate  results.  The  flow 
angularity  correction  is  defined  as  the  correction  to  be  applied  to  the 
model  suDoort  hardware  readings  to  obtain  identical  true  angles  at  the 
same  indicated  angle  from  the  MBIU  whether  it  is  in  upright  or  inverted 
roll  orientation.  Since  the  indicated  values  are  not  affected  by  orien¬ 
tation,  differences  in  true  values  at  the  same  indicated  values  must  be 
due  to  errors  in  true  angles  as  determined  geometrically  from  the  model 
mounting  system.  The  flow  angularity  corrections  are  adjusted  until  the 
same  true  values  are  obtained  at  the  same  indicated  value  both  upright 
and  inverted.  The  same  reasoning  is  applicable  to  both  ang le-of-attack 
and  angle-of-sides lin  computations.  The  flow  angularity  correction  is 
discussed  more  thoroughly  in  Appendix  A  of  Volume  II. 

NASA/ARC  routinely  makes  flow  angularity  corrections  to  data  to  in¬ 
crease  the  accuracy  of  the  results.  Typically,  the  values  for  the  stream- 
angle  correction  to  angle  of  attack  were  less  than  0.15  degrees  for  the 
11-  by  11-foot  wind  tunnel  and  less  than  0.05  degrees  for  the  9-  by  7-foot 
wind  tunnel.  Lateral  stream  angle  may  be  significant,  especially  in  the 
9-  by  7-foot  wind  tunnel.  The  nozzle  of  the  11-  by  11-foot  wind  tunnel 
provides  relatively  uniform  flow  which  experience  has  shown  has  lateral 
flow  angle  of  less  than  0.1  degrees.  The  flow  in  the  test  section  of  the 
9-  by  7-foot  wind  tunnel,  however,  is  established  by  an  asymmetric,  sliding- 
block  nozzle  which  results  in  significant  flow  angularities;  the  flow  angle 
correction  can  be  on  the  order  of  1  degree.  The  MBIU  calibration  data  was 
corrected  for  flow  angularity  prior  to  transmission  to  AFFTC  and  checks 
of  the  corrections  indicated  that  the  data  had  been  adequately  corrected. 

The  details  of  the  checks  prior  to  use  are  discussed  in  the  Data  Analysis 
section. 
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OVERALL  SYSTEM  ACCURACY: 

An  assessment  was  made  of  the  overall  system  accuracy  so  that  s  •> 
quantitative  estimate  could  be  made  of  how  good  the  NBIU  was  in  sensing 
angle  of  attack  and  angle  of  sideslip.  The  assessment  was  based  on  anal¬ 
ysis  of  procedures,  other  published  results,  and  analysis  of  the  test  data. 
The  conclusion  was  that  table  2,  which  was  obtained  from  reference  4, 
adequately  summarizes  expected  accuracy  for  Mach  number,  angle  of  attack, 
and  angle  of  sideslip.  The  accuracies  in  true  angle  of  attack  and  true 
angle  of  sideslip  depend  on  adequate  correction  for  flow  angularity. 

The  flow  angularity  correction  for  angle  of  attack  was  based  on  data  from 
minus  three  degrees  to  plus  three  degrees  at  zero  angle  of  sideslip  and 
the  angle  of  sideslip  correction  was  obtained  across  the  obtainable  range 
of  angle  of  sideslip  but  only  at  zero  angle  of  attack.  There  is  a 
possibility  that  the  accuracy  was  somewhat  degraded  outside  these  limits. 
Although  experience  with  the  tunnels  would  indicate  the  degradation  was 
small,  no  effort  was  made  to  quantify  the  degradation  in  accuracy  of 
this  data. 


TABLE  2:  ESTIMATED  ACCURACY  OF  NASA/ARC  TEST  VARIABLES 


HIND  TUNNEL 

ESTIMATED  ACCURACY  OF 

NBIU  TRUE  VALUES 

NBIU  INDICATED  VALUES 

VANE  ERROR 

MACH 

NUMBER 

oc8 

(DEOREES) 

(DEOREES) 

ocv 

(DEOREES) 

fiM 

(DEOREES) 

aoclf 

(DEOREES) 

ll-  X  U-FOOT 
9-  X  7-FOOT 

tO.OOS 
♦  .08.-0? 

*0.01 

*0.05 

*0.15 

*0.05 

*0.05 

*0.05 

*0.05 

*0.05 

*0.05 

*0.07 

*THESE  VALUES  BASED  ON  LATER  DATA  THAN  REFERENCE  4. 
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DATA  ANALYSIS 


The  data  from  the  NASA/ARC  test  was  extensively  analyzed  and  used  to 
develop  a  calibration  of  the  AFFTC  NBIU.  The  boon  true  angle  of  attack, 
a  ,  and  true  angle  of  sideslip,  2  ,  used  in  the  analysis  were  values  ob¬ 
tained  from  the  model  support  hardware  corrected  for  flow  angularity. 

The  indicated  or  "vane"  values  of  angle  of  attack,  av,  and  angle  of  side- 
slin,  z  ,  were  obtained  from  the  deflection  of  the  vanes  indicated  by  the 
angle-sensor  portion  of  the  NBIU.  The  indicated  value  of  angle  of  attack 
is  normally  defined  as  the  deflection  of  the  left  vane  from  the  horizontal 
plane  of  the  NPIU.  On  this  test,  however,  the  vane-to-vane  misalignment 
between  the  left  and  right  vane  was  so  large  that  the  indicated  value  was 
defined  as  the  deflection  of  the  average  vane  (the  average  of  the  left  and 
right  vane  deflection)  from  the  horizontal  plane.  The  indicated  value  of 
the  angle  of  sideslip  was  the  deflection  of  the  vane  from  the  vertical 
plane.  The  data  v/ere  corrected  for  errors  discovered  during  preliminary 
evaluation  of  the  data  and  faired.  The  data  fairings  were  programmed  into 
a  software  package  applicable  as  an  "instrument  calibration"  for  the 
f low- anale-sensing  portion  of  the  AFFTC  NBIU.  The  data  were  primarily 
presented  in  terms  of  a  local  flow  correction  for  angle  of  attack,  £a  , 

3 j.  ,  as  defined  in  equations  (1)  and  (2). 
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DATA  CORRECTIONS 


Preliminary  evaluation  of  the  NASA/ARC  data  indicated  a  very  consis¬ 
tent  set  of  data  with  few  problems.  The  problems  which  did  exist,  however, 
were  significant  to  the  data  analysis  and  had  potential  impact  of  the  ac¬ 
curacy  of  the  data  and  the  confidence  which  personnel  would  have  in  the 
resultant  calibration.  The  checks  for  flow  angularity  revealed  no  sign¬ 
ificant  problems  with  the  flow  angularity  corrections.  The  same  checks, 
however,  revealed  biases  in  the  data.  Lastly,  a  large  spike  in  the  data 
was  detected  in  the  transonic  region.  The  resolution  of  these  problems 
resulted  in  corrections  to  the  data  which  greatly  enhanced  the  consistency 
of  the  data  and  gave  reason  for  increased  confidence  in  the  results. 

FLOW  ANGULARITY; 


The  data  v/ere  initially  checked  for  flow  angularity  to  insure  that 
the  corrections  had  been  made  by  NT'SA/ARC.  The  plots  shown  in  figure  9 
were  generated  from  the  original  data  as  described  in  Appendix  A  of 
Volume  II  and  show  the  flow  angularity  check  on  angle  of  attack.  The 
plots  of  unriqht  configuration  shown  in  figure  9(a),  of  inverted 
configuration  in  figure  9(b),  and  of  combined  configurations  in  figure 
9(c)  indicated  that  the  anole-of-attack  data  had  been  effectively 
corrected  for  flow  angularity. 
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FIOURE  9 >  FLON-RNOULRR I TY  CHECK  OF  ORIGINAL  RNGLE-OF-RTTRCK  ORTA 
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FIOURE  9 «  FLOM-ANOULARITY  CHECK  OF  ORIGINAL  ANQLE-OF-ATTACK  DATA  (CONCLUDED) 


Similar  plots  showing  the  flow  angularity  check  on  angle  of  sideslip 
had  similar  results  when  checks  of  the  original  data  were  plotted.  The 
plots  of  upright  configuration  shown  in  figure  10(a),  of  inverted  con¬ 
figuration  in  figure  10(b),  and  of  combined  configuration  in  figure  10(c) 
indicated  that  the  angle-of-sideslip  data  had  been  effectively  corrected 
for  flow  angularity. 

The  flow  angularity  checks  as  described  in  Appendix  A  of  Volume  II 
identified  several  data  runs  which  were  inconsistent  with  the  mass  of 
data.  Although  no  reason  could  be  established  for  their  inconsistency, 
they  were  removed  from  further  analysis.  Figures  11  and  12  following 
have  these  points  removed. 
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NOTE  i 
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C)  COMBINE*)  CONFIGURATIONS,  TRUE  RNOLE  OF  SIDESLIP  =0.0  tDEOREES) 


FIOURE  10 1  FLOH-RNOULRRITY  CHECK  OF  ORIOINAL  RNOLE-OF-SIOESLIP  DRTR  (CONCLUDED) 


DATA  BIAS: 

The  data  checks  performed  to  detect  flow  angularity  also  disclosed  bias 
in  both  the  angle-of-attack  and  angle-of-sideslip  data.  Accounting  for  the 
bias  was  considered  very  important  in  establishing  confidence  in  the  cali¬ 
bration.  Analysis  of  post  calibrations  and  initial  analysis  of  the  NASA/ARC 
data  at  AFFTC  had  arbitrarily  removed  the  bias.  Based  on  the  fact  that  the 
NBIU  is  symmetric  about  a  horizontal  plane  through  the  centerline  except  for 
the  angle-of-sideslip  vane,  the  indicated  angle  of  attack  should  be  zero  at 
true  single  of  attack  of  zero  at  supersonic  Mach  numbers.  Similarly,  the 
NBIU  is  totally  symmetric  about  a  vertical  plane  through  the  centerline 
and  should  have  an  indicated  angle  of  sideslip  of  zero  when  true  angle  of 
sideslip  is  zero.  The  fact  that  the  calibration  data  did  not  confirm  these 
basic  assumptions  cast  doubt  on  the  accuracy  numbers  stated. 
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Anqle-of-Attack  Bias.  Bias  in  angle  of  attack  was  noted  in  both 
the  11-  by  ll-foot  and  9-  by  7-foot  data  as  shown  in  figure  9(c).  The  bias 
in  the  11-  by  11-foot  was  explained  during  evaluation  of  the  procedur"s 
used  to  calibrate  the  angle-of-attack  vanes.  It  was  determined  that 
the  11-  by  11-foot  tunnel  the  vane  synchro  transmitter  was  calibrated 
using  a  bubble  level  placed  on  an  angle-of-attack  vane.  The  vanes  were 
misaligned  as  described  in  figure  5  and  responded  aerodynamically  like  a 
single  vane  located  at  the  mean  of  the  two  vanes.  The  combination  of 
calibration  procedure  and  vane-to-vane  misalignment  resulted  in  a  constant 
error  in  indicated  angle  of  attack  equal  to  0.025  degrees.  Based  on  this 
discovery,  a  correction  of  0.025  degrees  was  made  to  all  indicated  angle- 
of-attack  data  from  the  11-  by  11-foot  tunnel  prior  to  fairing. 

Bias  in  the  9-  by  7-foot  data  as  shown  in  figure  9(c)  was  faired 
as  0.095.  This  bias  was  never  satisfactorily  explained  and  a  correction 
of  0.095  was  arbitrarily  made  to  all  angle-of-attack  data  from  the 
9-  by  7-foot  tunnel.  It  should  be  noted,  however,  that  calibration  of 
the  angle-of-attack  vanes  in  the  9-  by  7-foot  tunnel  did  not  use  the 
bubble-level  method  previously  described.  Because  the  angle-of-attack 
vanes  are  mounted  vertically  (as  opposed  to  horizontally  for  the 
11-  by  11-foot  tunnel) ,  the  calibration  was  conducted  using  straight 
edges,  plumb  lines,  and  measurements  from  the  side  walls.  This  procedure 
is  inherently  more  difficult  and  less  accurate  and  could  have  caused  or 
contributed  to  this  very  small,  yet  significant,  bias. 

A  bias  correction  was  made  to  the  angle-of-attack  data  from 
both  tunnels  and  the  data  and  fairing  were  replotted.  The  resulting 
data  and  fairing  are  shown  in  figure  11. 


NOTESf 

1.  TRUE  RNOLE  OF  ATTACK  ANC  TRUE  AN0LE  OF  SIDESLIP  =0.0  (DEGREES). 

2.  FAIRINO  BEYOND  HACK  NUMBER  OF  I .0  IS  COINCIDENTAL  NITH  AXIS. 


1  •€.  1 

MACH  NUMBER 


FI0URE  U<  FL0N-AN0ULAR I TY  CHECK  AND  FAIRINO  OF  FINAL  RNOLE-OF-ATTRCK  DATA 
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Angle-of-Sideslip  Bias.  The  bias  in  angle  of  sideslip  was 
confined  to  the  li-  by  11-foot  wind  tunnel  data.  The  bias  was  determined 
to  be  about  -0.285  degrees  and  could  not  be  explained.  Since  the  bias 
was  large  relative  to  claimed  accuracy  and  apparently  confined  to  one 
tunnel,  it  appeared  to  be  an  instrumentation  or  data  analysis  problem. 
After  considerable  research  and  analysis,  no  documented  reason  for  the 
bias  could  be  found  and  the  11-  by  11-foot  wind  tunnel  data  were 
arbitrarily  shifted  0.285  degrees.  It  should  be  noted  that,  like  the 
angle-of-attack  data  for  the  9-  by  7-foot  tunnel,  the  angle-of-sideslip 
vane  for  the  11-  by  11-foot  tunnel  was  vertical  and  could  not  be 
calibrated  using  a  bubble  level.  The  calibration  method  relied  on 
measurement  from  the  side  walls  and  could  have  caused  or  contributed 
to  the  rather  large  bias. 

The  bias  correction  was  made  to  the  angle-of-sideslip  data 
from  the  11-  by  11-foot  tunnel  and  the  data  and  fairing  were  replotted. 
The  resulting  data  and  fairing  are  shown  in  figure  12. 


NOTES i 

1.  TRUE  ANGLE  OF  ATTACK  ANO  TRUE  ANDLE  OF  SIDESLIP  =0.0  ( 0E0REES ) • 
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FI0URE  12 «  FLQM-AN0ULAR ITT  CHECK  ANO  FAIRINO  OF  FINAL  ANOLE-OF-SIDE8LIP  DATA 


ATTACK  DATA  —PCI; 


Figure  13  shows  a  large  data  spike"  which  existed  from  Mach  n.  -»r 
value  of  0.90  to  0.97.  The  data  spike  at  zero  angle  of  attack  was  approx¬ 
imately  0.10  degrees  in  magnitude.  The  spike  was  more  pronounced  at  higher 
angles  of  attack  and  was  of  a  magnitude  and  Mach  number  location  to  be  easi 
ly  observed  in  flight  if  it  existed.  Although  a  considerable  amount  of 
flight  data  was  examined,  the  phenomena  was  never  observed.  It  was  con¬ 
cluded  that  this  was  a  wind  tunnel  effect  probably  associated  with  a  shock 
reflected  from  the  tunnel  wall.  An  excellent  visualization  of  the  shock 
formation  and  movement  around  the  HBIU  is  given  in  figure  13  of  reference  4 
Except  at  0  degrees  angle  of  attack,  data  was  not  available  at  enough 
Mach  numbers  to  actually  define  the  characteristics.  As  a  result  the 
data  were  not  changed  but  the  spike  was  simply  faired  through.  Ho  similar 
phenomena  was  noted  in  the  angle-of-sideslip  data. 


1?T?RUE  ANGLE  OF  ATTACK  AND  TRUE  ANGLE  OF  SIDESLIP  =0.0  IDE0REE8) 
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FI0URE  13 i  AN0LE-0F-ATTACK  DATA  SPIKE  AT  TRUE  ANGLE  OF  ATTACK  =0-0 


DATA  FAIRING 


The  h Ah A/ ARC  data  was  faired  subsequent  to  being  corrected  to  obtain 
curves  which  would  define  the  error  in  sensed  angle  of  attack  and  sensed 
annlc  of  sideslip  due  to  LCilU  local  flow.  The  curves  would  serve  as  a  cali¬ 
bration  of  the  AFFTC  MP.IU  flow  angle  sensing  and  could  be  implemented  in  a 
computer  program  for  use  in  data  reduction  programs.  The  fairing,  which 
was  Accomplished  by  a  combination  of  aand  and  matnematical  techniques,  was 
done  wi thin  conflicting  constraints.  The  curves  needed  to  be  as  accurate 
as  possible  yet  simple  enough  to  be  easily  implemented.  It  was  essential 
to  obtain  the  best  possible  calibration  of  angle  of  attack  at  zero  angle  of 
sides  lie  since  this  is  the  primary  condition  for  obtaining  most  performance 
data  and  the  most  critical  application  for  the  NBIU.  Accuracy  requirements 
were  less  stringent  for  fairina  angle  of  attack  at  angles  of  sideslip  and 
for  fairing  ana lc  of  sideslip.  The  final  fairings  obtained  were  considered 
adequate  for  all  uses  of  the  MbIU  and  were  easily  implemented  in  a  standard 
software  package.  There  were,  however,  data  at  high  angles  of  attack  and 
at  hinh  angles  or  sideslio  which  were  ignored  because  it  was  felt  the  data 
were  influenced  bv  the  wind  tunnel  and  were  not  characteristic  of  the  libit’. 
1'sers  who  have  hi  eh  accuracy  renuirer.ents  in  these  areas  snould  examine  the 
cornea risen  of  the  fairings  and  angle-of-attack  data  in  Appendix  A  and  cori- 
va risen  or  the  f  airiness  and  ar.c le-of-sidcslio  data  in  Appendix  3  to  deter¬ 
mine  i  •'  the  fairincs  match  the  test  data  acceptably  well.  These  users 
should  be  prepared  to  expend  a  lot  of  effort  to  correct  and  examine  data 
and  assure  themselves  the  data  are  accurate  if  they  choose  to  refair  these 
areas . 

ANGLE-OF-ATTACK  FAIRING: 

The  angle-of-attack  data  wore  svstenatically  faired  based  on  theoreti¬ 
cally  predicted  characteristics  with  the  levels  empirically  adjusted  to 
match  the  data.  based  or.  studies  of  theoretical  parameters ,  ,"ach  effects 
were  predicted  to  vary  linearily  with  Mach  number  sruarec.  Vac  gate  sub¬ 
stantiated  this  almost  without  exception  and  all  'working  plots  were  gone 
in  terms  of  Mach  squared.  Theoretical  analysis  of  flow  around  a  cylincrical 
body  predicted  that  errors  associated  with  anole  of  attack  s.iould  be  zero 
at  zero  angle  of  attack,  build  slowly  but  with  increasing  opeed  to  a  i  ax- 
ir,ur.;  at  1 5  degrees  angle  of  attack  and  return  to  zero  at  91  degrees  angle 
of  attack.  Attempts  to  fair  the  data  with  several  functions  which  met 
this  criteria  led  to  use  of  the  functional  relationship 

2 

ia  p  =  f(sin2au,  sm  2au) 

which  worked  well  except  where  shocks  from  other  parts  of  the  MBIU 
interfered.  This  approach  resulted  in  an  iteration  when  determining 
a.,  from  a  but  was  technically  the  best  approach.  The  data  were  faired 
by  fairing  angle  of  attack  at  zero  angle  of  sideslip;  then  an  adjustment 
'.•as  made  to  the  fairings  b”  adding  a  snail  increment  to  correct  to  other 
arnles  or  sideslip. 
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FIGURE  15 1  SUMMARY  OF  ANGLE- OF- AT TACK  ERROR  DUE  TO  LOCAL  FLOM  (CONCLUDED) 


ANGLE-OF-SIDESLIP  FAIRING: 


The  ancle  of-sideslip  data  were  faired  in  a  manner  very  similar  to  the 
anolo-of -attack  data.  The  data  were  very  consistent  and  tne  characteristics 
similar  to  ancle  of  attack  when  plotted  versus  Mach  number  squarea.  Tne 
same  functional  relationshiD  was  used  for  angle  of  siueslip  as  for  angle 
of  attack  so  t.iat 

A ,1 T  _  =  f  (sin23  ,,  3in“23,  ) 

LF  a  u 


The  analysis  was  very  consistent  and  showed  good  characteristics  up  to 
a  Mach  number  of  1.30.  At  Mach  number  of  1.30  the  characteristics  changed 
slope  with  Mach  number  in  a  manner  similar  to  angle  of  attack,  and  were  again 
consistent  to  a  Mach  number  of  1.51.  beyond  a  Mach  number  of  1.51,  tne  data 
showed  little  correlation  between  ftach  numbers  and  had  large,  inconsistent 
chances  in  characteristics .  For  Mach  number  values  of  1.91,  2.11,  2.31, 

2.41,  and  2.54  the  characteristics  were  so  radically  different  that  each 
Mach  number  was  faired  independently  and  straiqht  line  interoolation  with 
Mach  number  squared  was  used.  A  plot  of  the  characteristics  for  angle  of 
attack  of  0.0  is  shown  in  figure  16(b).  The  characteristics  beyond  a  Mach 
number  of  1.51  are  caused  bv  numerous  shocks  impacting  tne  angle-of-sideslip 
vane.  There  is  little  reason  to  believe  tnat  the  straight  line  segment  ac¬ 
curately  represent  the  characteristics  except  in  tne  immediate  vicinity  of 
test  data  points. 
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Lp  (DEGREES)  A/8LF  (0EGREE8) 


MACH  NUMBER 


B)  BOOM  TRUE  ANGLE  OF  ATTACK  =  0.0  (DEGREES) 

FIOURE  16>  SUMMARY  OF  ANGLE-OF-SIOESLIP  ERROR  OUE  TO  LOCAL  FLON 
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A£lf  (DEGREES)  A*LF  (DEGREES) 


INDICATED 

NOTE:  POSITIVE  VALUES  OF  INDICATED  ANOLE  OF  SIDESLIP  ANOLE  OF 

ARE  PLOTTED:  NEGATIVE  VALUES  YIELD  EQUIVALENT  SIDESLIP 

VALUES  HITH  OPPOSITE  SION.  ( DEOREES ) 


C)  BOOM  TRUE  ANOLE  OF  ATTACK  =  5.0  (DEOREES) 


INDICATED 

NOTE:  POSITIVE  VALUES  OF  INDICATED  ANOLE  OF  SIDESLIP  ANOLE  OF 

ARE  PLOTTED:  NEOATIVE  VALUES  YIELD  EQUIVALENT  SIDESLIP 

VALUES  HITH  OPPOSITE  SION.  (OEOREES) 


MACH  NUMBER 


0)  800M  TRUE  ANOLE  OF  ATTACK  =  10. 0  (OEOREES) 

FIOURE  16:  SUMMARY  OF  ANOLE-OF-8IOE8LIP  ERROR  DUE  TO  LOCAL  FLON  (CONTINUED) 
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LF  (DEGREES)  A*LF  (DEGREES) 


NOTE:  POSITIVE  VALUES  OF  INOICRTEO  ANGLE  OF  SIDESLIP 
ARE  PLOTTEOt  NEOATIVE  VALUES  YIELD  EQUIVALENT 
VALUES  MITH  OPPOSITE  SION. 


INDICATED 
ANOLE  OF 
SIDESLIP 
AGREES ) 


-2.00 


.0  1.2  1.4  1.6 

HACK  NUMBER 


2.2  2.4  2.6 


E)  BOOM  TRUE  ANGLE  OF  ATTACK  =  15.0  (DEGREES) 


F)  BOOM  TRUE  ANGLE  OF  ATTACK  =  20.0  (DEGREES) 

FIGURE  16i  SUMMARY  OF  ANOLE-OF-8IDE8LIP  ERROR  DUE  TO  LOCAL  FLOH  (CONCLUDED) 
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RESULTS 


The  result  of  the  analysis  of  the  NASA/ARC  test  and  data  was  a  fairing 
of  the  error  in  angle  of  attack  and  angle  of  sideslip.  These  fairings  were 
effective  ca librations  of  the  flow  sensing  element  of  the  AFFTC  NUIU.  The 
fairings  wore  compared  extensively  with  the  corrected  test  data  and  showed 
acceotable  agreement  throughout  the  envelope  of  the  data.  The  fairings 
were  imolenented  in  a  series  of  FORTRAN  IV  subroutines  useable  in  data 
reduction  by  all  flight  test  programs  having  an  NblU  with  compatible  con- 
f icurnt ion . 

ANGLE-OF-ATTACK  RESULTS: 

The  fairings  of  the  angle-of-attack  data  are  summarized  in  figure  15. 

The  format  of  the  plots  was  changed  from  the  format  used  in  fairing  to 
plot  error  in  angle  of  attack  versus  Mach  number  witn  lines  of  indicated 
angle  of  attack.  Figure  15(a)  shows  an  error  in  indicated  angle  of  attack 
at  zero  angle  of  sideslip  across  the  Mach  range  plotted.  The  magnitude  of 
the  error  increases  steadily  through  tne  subsonic  and  transonic  regions  and 
levels  off  at  its  largest  magnitude  bet ween  Mach  number  values  of  1.1  and 
1.3.  The  error  then  decreases  uniformly  to  zero  around  Mach  number  value 
oF  2.5  where  the  data  indicates  tne  error  changes  sign  and  begins  to  in¬ 
crease  in  magnitude  again.  The  error  at  indicated  angle  of  attack  of  0.0 
is  large  at  low  Mach  numbers  due  to  the  pressure  field  of  tne  anale-of- 
sideslio  vane  and  decreases  to  zero  at  Mach  number  value  of  1.0.  Tne  error 
also  increases  and  decreases  with  the  value  of  indicated  angle  of  attack, 
hr  frets  of  angle  of  sideslip,  as  shown  by  figure  15(b),  15(c),  and  15(d) 
are  confined  to  the  subsonic  region  where  they  are  large  at  low  Mach  numbers 
and  decrease  to  zero  at  Mach  number  value  of  1.0.  As  expected,  tne  errors  ' 
are  dependent  only  on  the  magnitude  oc  the  sideslip  and  not  on  the  direction. 

The  fairings  of  the  angle-of-attack  data  are  compared  with  the  b' A3  A/ ARC 
data  in  Appendix  A  with  generally  good  agreement.  Agreement  is  excellent  at 
angle  of  sideslip  of  0.0  both  in  level  and  trends,  the  exception  being  at 
Mach  number  values  of  0.90  and  0.95  (especially  0.95)  '.mere  tne  data  are 
displaced  because  of  a  reflected  shock.  The  agreement  between  the  fairing 
and  data  degrades  with  angle  of  sideslip  in  level,  scatter,  and  short  term 
trends,  but  is  generally  good  in  lone  tern  trends.  The  data  was  faired  in 
this  manner  because  of  lover  confidence  in  tne  data  at  large  angles  of  side¬ 
slip  and  the  reducco  accuracy  usually  required  at  higher  angles  of  sideslip. 
Additionally,  many  of  the  short-term  trends  were  possibly  due  to  the  wind 
tunnel  rather  than  borne  '.H’lF  characteristics.  Reynolds  number  effects  were 
investigated  at  Mach  number  values  of  0.90,  1.30,  and  1.51.  The  data  comp¬ 
arison  s'->ows  neolioible  effect  due  to  Reynolds  number. 

ANGLE-OF-SIDESLIP  RESULTS: 


The  fairings  of  the  angle-of-sideslio  data  are  summarized  in  figure  16. 
The  format  of  the  plots  was  changed  from  the  format  used  in  fairing  to  plot 
error  in  angle  of  sideslip  versus  Mach  number  'with  lines  of  indicated  angle 
of  sideslin.  rinure  16(b)  shows  an  error  in  indicated  angle  of  siueslip  at 
zero  angle  of  attack  across  tire  Mach  range  plotted.  The  magnitude  of  tne 
error  increases  steadily  tr rough  tire  subsonic  and  transonic  regions  to  a 
Mach  number  value  of  1.3.  At  Mach  number  value  of  1.3  the  curves  start  to 
deviate  rapidly  to  a  larger  negative  value  anc  at  1.5  begin  to  deviate 
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toward  positive  values  as  shocks  from  forward  portions  of  the  NBIU  interact 
with  the  angle-of-sideslip  vane.  Effects  of  anale  of  attack  on  the  angle- 
of-sideslip  error  are  shown  in  figures  16(a),  16(c),  16(d),  16(e),  a-  16(f). 
As  expected,  the  effects  of  angle  of  attack  on  angle-of-sideslip  erruj.  ./e~e 
not  symmetric. 

The  fairings  of  the  angle-of-sideslip  data  are  compared  with  the  NASA/ 

ARC  data  in  Appendix  B  with  generally  good  agreement.  Agreement  is  excel¬ 
lent  at  low  and  moderate  angles  of  attack  and  sideslip  uo  to  a  liach  number 
value  of  1.3.  Beyond  a  Mach  number  value  of  1.3  the  fits  are,  at  best,  good 
with  more  scatter  and  more  short-term,  ordered  deviations  from  the  data. 

MBtU  CALIBRATION  SOFTWARE: 

The  fairings  of  the  NASA/ARC  data  were  developed  into  a  standard  soft¬ 
ware  package  for  use  in  data  reduction.  All  curves  and  fairings  presented 
in  this  memorandum  were  machine  prepared  using  this  software.  The  software 
consists  of  six  subroutines  but  the  only  user  interface  is  with  a  subrou¬ 
tine  called  ANGLES .  The  calling  statement 

CALL  ANGLES  ( ALFAV , BET AV , AMCT , CONVRA , CON VRB , ALPHA , BETA , I FLAG ) 

can  be  inserted  in  the  users  code  to  determine  the  true  angle  of  attack  and 
angle  of  sideslip  from  the  indicated  values.  The  indicated  angle  of  attack, 
ALFAV,  indicated  angle  of  sideslip,  BETAV,  and  freestream  Mach  number,  AI1CT, 
are  input.  The  convergence  factor  for  angle  of  attack,  CONVRA,  and  conver¬ 
gence  factor  for  angle  of  sides lin,  C0NVR3,  determine  the  maximum  difference 
in  two  consecutive  estimates  of  the  true  angles  which  will  end  internal  iter¬ 
ations.  These  values  v/ill  normally  be  set  to  zero  prior  to  the  first  call 
so  that  the  default  value  of  0.000001  will  be  used  but  they  can  be  input  if 
the  user  desires.  The  true  value  of  angle  of  attack,  ALPHA,  and  true  angle 
of  sideslip,  BETA,  are  outnut  along  with  an  error  flag,  I FLAG .  The  error 
flag  is  of  little  concern  to  the  user  who  uses  the  software  unmodified  and 
selects  the  default  convergence  factors.  Users  who  do  wish  to  change  either 
the  software  or  convergence  factors  should  consult  the  Programmer ' s  Guide 
located  in  Appendix  C  of  this  memorandum. 

Potential  users  of  this  software  should  be  aware  of  two  important  res¬ 
trictions  on  its  use.  The  calibration  is  strictly  valid  only  for  the  hard¬ 
ware  conf iauration  tested  which  had  tv?o  unique  features.  The  first  feature 
was  a  modified  oitot-static  adapter  and  different  pitot-static  .lead  than 
most  AFFTC  iJBIUs.  The  user  should  consider  changing  the  configuration  of 
his  NBIU  to  match  the  documented  configuration  prior  to  the  flight  test  pro¬ 
gram.  If  this  is  not  practical,  the  software  can  and  has  been  used  to  correct 
data  from  other  AFFTC  NBIU  configurations.  Although  this  is  not  the  recom¬ 
mended  approach,  it  gives  more  accurate  results  tnan  previous  calibrations 
plotting  true  versus  indicated  angle  of  attack  from  flight  data  and  fairing 
the  resulting  curve.  The  second  feature  is  a  noseboom  which  is  unique  to 
the  TACT  program.  The  effect  of  noseboom  upwash  was  not  removed  from  the 
calibration  data.  Correction  for  differences  in  upwash  due  to  significant 
differences  in  noseboom  configuration  should  be  made  using  the  procedure  in 
reference  7  or  some  other  acceptable  method  (Recommendation  3). 
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CONCLUSIONS  AND  RECOMMENDATIONS 


The  use  of  the  NBIU  calibration  developed  from  data  from  the  NASA/ARC 
tests  significantly  improves  the  accuracy  of  angle-of-attack  and  angle-of- 
sidesiin  data  obtained  from  AFFTC  NBIU’s  and  consequently  improves  the 
accuracy  of  the  excess  thrust  calculated  from  the  NBIU  longitudinal 
acceleration.  The  use  of  the  softv/are  couDled  with  flight  test  adjustment 
improves  results  over  a  solely  fliqht  test  calibration  whether  the 
production  NBIU  or  TACT  variant  is  used. 

1.  The  production  so{tioane  should  be  used  on  all  {light  test 
plognams  utilizing  AFFTC  ‘J31U's.  {page.  12) 

The  best  accuracy  and  highest  confidence  in  the  results,  however,  is  ob¬ 
tained  if  the  TACT  variant  is  used. 

2.  Ml  neio  AFFTC  MDIU’a  should  be  built  in  the.  TACT  con{iguna- 
tion  and  all  exiiting  SISlU's  should  be  modified  Aiken  practical. 
(page  15) 

bince  the  noseboom  conf iauration  on  which  the  NBIU  is  mounted  can  sign¬ 
ificantly  affect  anqle-of-attack  errors,  a  correction  for  differences  in 
upwash  due  to  differences  in  noseboom  configuration  should  be  made. 

3.  Connection  {on  di{{enences  in  upuiask  due  to  di{{enences  in 
noseboom  confiigunation  should  be  made  using  the  pnocedune  in 
reference  7  or  some  othen  acceptable  method.  ( page  45) 


LIST  OF  REFERENCES 


1.  Gomillion,  G.R.:  Wind  Tunnel  Calibration  Test  for  Angle-of-Attack  and 
Sideslio  Vanes  of  a  Full-'cale  Flight  Path  Accelerometer  at  Mach  numbers 
from  0.2  to  1.3,  AEDC-TR-71-27  (AD880621) ,  February  1971. 


2.  Uselton,  James  C.;  Shadow,  T.O.:  Results  of  Wind  Tunnel  Tests  on  a 
Flight  Path  Accelerometer  at  Mach  Numbers  from  13 . 5  to  "3. 0 ,  ABDC-Tp- 71-260, 
February  1972. 


3.  Shadow,  T.O.:  Wind  Tunnel  Investigation  of  the  Transonic  Aerodynamic 
Characteristics  of  a  Full-Scale  Flight  Path  Accelerometer  (Follow-On  Test) , 
AEDC-TR-72-1,  February  1^72. 


4.  Sakamoto,  Glenn  M. :  Aerodynamic  Characteristics  of  a  Vane  Flow  Angulari¬ 
ty  Sensor  System  Capable  of  Measuring  riightpatii  Accelerations  for  the  Mach 
Number  Range  ^rom  0.46  to  2.54,  NASA  TN  D-8^42,  May  15 7 (5". 


5.  Pirrello,  C.J.;  iiardin,  R.D.;  iieckhart,  M.V. ;  and  Brown,  K.R.:  An  Inven¬ 
tory  of  Aeronautical  Ground  Research  Facilities;  Volume  I:  Wind  Tunnels, 

NASA  CR-1874,  November  19*71. 


6.  Daugherty,  James  C:  "Techniques  and  Procedures  Used  for  Wind  Tunnel 
Tests  in  SuoDort  of  the  TACT  Correlation  Program" ,  Symposium  on  Transonic 
Aircraft  Technology  (TACT)  ,  AFFDL-TR-78-100 ,  August  1973'.! 


7.  Rawlings,  Kenneth:  A  Method  of  Estimating  Upwash  Angle  at  Noseboom- 
Hounted  Vanes ,  AFFTC-TIM-Sl-1 ,  June  19&1. 


47 


APPENDIX  A 

COMPARISON  OF  ANGLE-OF-ATTACK  DATA  AND  FAIRINGS 


Data  from  the  NASA/ARC  calibration  of  the  AFFTC  NBIU  were  plotted  on 
the  same  grid  as  the  AFFTC  fairing.  The  data  from  test  11/97-731  were 
first  corrected  as  described  in  the  body  of  this  memorandum  and  plotted. 
The  AFFTC  fairing  as  obtained  from  the  production  software  was  also 
plotted.  Figure  Al  presents  the  error  in  angle  of  attack  due  to  local 
flow  for  all  test  Mach  numbers  and  angles  of  sideslip  for  a  range  of 
indicated  angles  of  attack. 
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I  DECREES ) 


flFFTC  NBIU  CRL  I  BRAT  I  ON 

NASA/ARC  11-  X  11-FOOT  TUNNEL 
TEST  11/97-731  -  1  MAT  1973 

MOTES : 

1.  ACTUAL  MUCH  NUMBER  IS  0-40- 

2.  DATS  HAS  BEEN  CORRECTED  FOR  0-02S  BIAS- 


SYMBOL  EXPLANATION 


O  Re/L  =  2 .0X10®( /FOOT ) 
-  AFFTC  CURVE 


A)  REFERENCE  MACH  NUMBER  =  0.40 
FIGURE  Al:  ANGLE  OF  ATTACK  ERROR  DUE  TO  LOCAL  FLOW 
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N8IU  TRUE  ANGLE  OE  HTTHCK  .  OC  a-  NBIU  INDICATED  ANGLE  OF  ATTACK.  CC  y  (DEGREES) 


AFFTC  NBIU  CAL I  BRAT  I  ON 

NASA/ARC  11-  X  11-FOOT  TUNNEL 
TEST  11/97-731  -  1  MAY  1973 

NOTES : 

:•  ACTUAL  MACH  NUMBER  IS  0.60. 

2.  DATA  MAS  BEEN  CORRECTED  FOR  0 .025  BIAS. 


SYMBOL  EXPLANATION 


O  Re/L  =  2  .6X1 0® ( /FOOT ) 


-  AFFTC  CURVE 


-I-  -  I 


*0=“2-O 


I  .0 - 

b 

<3 


-2-0L 
-4  .0 


NBIU  INOICATEO  ANGLE  OF  ATTACK  ,CXV  (  DEGREES  I 


B)  REFERENCE  MACH  NUMBER  =  0-60 

FIGURE  Alt  ANGLE  OF  ATTACK  ERROR  DUE  TO  LOCAL  FLOW  (CONTINUED) 


mm 


N9 1 U  TRUE  ANGLE  OF  ATTACK,  OC  NBIU  INDICATED  ANCLE  OF  ATTACK  .  OC  v,  I  DEGREES  ) 


1 


AFFTC  NBIU  CALIBRATION 

NASA/ARC  11-  X  11-FOOT  TUNNEL 
TEST  1 1/97-731  -  1  MAY  1973 

NOTES: 

1.  ACTUAL  MACH  NUMBER  IS  0.90. 

2.  OATA  HAS  BEEN  CORRECTED  FOR  0.025  BIAS. 


SYMBOL  EXPLANATION 

O  RE/L  =  2.0X106(/F00T) 

+  Re/L  =  3. 3X10*1 /FOOT) 

X  Re/L  =  S.SX106I/F00T) 

-  AFFTC  CURVE 


D)  REFERENCE  MflCH  NUMBER  =  0-90 

F I GURE  HI:  ANGLE  OF  ATTACK  ERROR  DUE  TO  LOCAL  FLOW  (CONTINUED) 


S2 


INDICATED  ANGLE  OF  ATTACK.  OC  u ( DEGREES ) 


AFFTC  NBIU  CALIBRATION 

NASA/ARC  11-  X  11-FOOT  TUNNEL 
TEST  11/97-731  -  1  MAY  1973 

NOTES i 

1.  ACTUAL  HACH  NUMBER  IS  0.9S. 

2.  DATA  HAS  BEEN  CORRECTED  FOR  0.025  BIAS. 


SYMBOL  EXPLANATION 


Re/L  =  l  .8X10®( /FOOT ) 


AFFTC  CURVE 


-4.0  0.0  4.0  8.0  12.0  16.0  20.0  .  24.0  28.0  32.0 

NBIU  INDICATED  ANGLE  OF  ATTACK ,0CV  ( OEGREES ) 

E)  REFERENCE  MACH  NUMBER  =  0-95 

FIGURE  Al:  ANGLE  OF  ATTACK  ERROR  DUE  TO  LOCAL  FLOW  (CONTINUED) 


RFFTC  NBIU  CflL I 8RRT I  ON 

NRSfl/RRC  11-  X  11-FOOT  TUNNEL 
TEST  11/97-731  -  1  MR Y  1973 

NOTES: 

t.  ACTUAL  flACH  NUH8ER  IS  1-OS- 

2,  OATA  HAS  SEEN  CORRECTED  FOR  0-025  BIAS. 


-♦.0  0-0  4-0  8-0  12.0  18.0  20.0  24.0  28.0  32-0 


NBIU  INOICATEO  ANOLE  OF  ATTACK ,CCy  I  DEGREES  1 

F)  REFERENCE  MRCH  NUMBER  =  1-05 

FIGURE  R 1 :  RNGLE  OF  RTTRCK  ERROR  DUE  TO  LOCAL  FLOW  (CONTINUED) 


y 

L 


duUiwMLMliliM  mm 
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Acc.<  =  N6IU  TRUE  AN04.E  OF  ATTACK.  <Xa-  NBIU  INDICATED  ANGLE  OF  ATTACK ,  a  v  •  OEOREES) 


SYflBOL  EXPLANATION 


flFFTC  NBIU  CALIBRATION 

NASA/ARC  11~  X  1 1  -FOOT  TUNNEL  q  Ap/l  -  s.ixto®t/FOOT) 

TEST  11/97-731  -  1  MAY  1973  _  afftc  curve 

NOTES : 

1.  ACTUAL  HACH  NUMBER  IS  1-20- 

2.  DATA  HAS  BEEN  CORRECTED  FOR  0.025  BIAS- 


H)  REFERENCE  MACH  NUMBER  =  1-20 

FIGURE  Rls  ANGLE  OF  ATTACK  ERROR  DUE  TO  LOCAL  FLOW  (CONTINUED) 
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AaLF  *  NBIU  TRUE  AN  OLE  OF  ATTACK.  <X  B-  NBIU  INDICATED  ANGLE  OF  ATTACK.  OC  y (OEGREES) 


1 

flFFTC  NBIU  CALIBRATION 

NASfl/ARC  11-  X  11-FOOT  TUNNEL 
TEST  11/97-731  -  1  MAY  1973 

NOTES : 

1.  ACTUAL  MACH  NUMBER  IS  1-30. 

2.  DATA  HAS  BEEN  CORRECTED  FOR  0-02S  BIAS- 


STHBOL  EXPLANATION _ 

©  Re/L  =  2.4X10*1 /FOOT! 

+  RE/L  =  3.7X10*1  'OT) 

- -  AFFTC  CURVE 


T  TACK .  a  v  IOEOREES) 


EXPLANAT ION 


RFFTC  NBIU  CRL I  BRRT ION 
NRSn/RRC  11-  X  11-FOOT  TUNNEL 
TEST  1 1/97731  -  1  MAY  1973 

NOTES : 

1.  ACTUAL  MACH  NUMBER  IS  1.40. 

2.  DATA  HAS  8EEN  CORRECTED  FOR  0-02S  BIAS. 


NBIU  INDICATED  ANGLE  OF  ATTACK ,0CV ( DEGREES  1 

J)  REFERENCE  MACH  NUMBER  -  1.40 

FIGURE  R 1  :  ANGLE  OF  ATTACK  ERROR  DUE  TO  LOCAL  FLOW  (CONTINUED) 


SYMBOL 

0  Re/L  =  4.1X1 0®  t /FOOT ) 

- -  AFFTC  CURVF 


flFFTC  NBIU  CflL I BRRT I  ON 

NASA/ARC  9-  X  7-FOOT  TUNNEL 
TEST  11/97-731  -  1  MAY  1973 

NOTES: 

1.  ACTUAL  HACH  NUMBER  IS  1.5S. 

2.  OATA  HAS  BEEN  CORRECTED  FOR  0-095  BIAS- 


-4-0  0.0  4.0  8.0  12.0  16.0  20.0  24.0  28.0  32.0 


NBIU  INDICATED  ANOLE  OF  ATTACK .OCy  I OEOREES ) 

K)  REFERENCE  MACH  NUMBER  =  1.51 

FIGURE  Al:  ANGLE  OF  ATTACK  ERROR  DUE  TO  LOCAL  FLOW  (CONTINUED) 


SYMBOL  EXPLANATION 

©  Re/L  =  2 .0X10®! /FOOT ) 

+  Re/L  =  4  .0X10® ( /cM0T ) 

-  AFFTC  CURVE 


59 


NRSH/HRL 
TEST  II/ 

ROTfS  : 

i  actual  mr 
?  .  cnrn  has 


Aoc.r  =  NBIU  TRUE  ANCLE  OF  ATTACK.  OCo-  NBiU  INDICATED  ANOLE  OF  ATTACK .  a  v  i  DECREES ) 


flFFTC  NBIU  CRL I  BRAT  I  ON 

NASA/ARC  9-  X  7-FOOT  TUNNEL 
TEST  11/97-731  -  1  MAY  1973 

NOTES : 

1.  ACTUAL  flRCH  NUHBER  IS  2.27. 

2.  OATA  HAS  BEEN  CORRECTED  FOR  0.09S  BIAS. 


STHBOL  EXPLANATION 

©  Re/L  =  «.1X106(/FOOT) 

-  AFFTC  CURVE 


0)  REFERENCE  MACH  NUMBER  =  2.31 

FIGURE  A 1 :  ANGLE  OF  ATTACK  ERROR  DUE  TO  LOCAL  FLOW  (CONTINUED) 
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TFFTC  MB  I  U  CALIBRATION 

TA5A/ARC  9-  X  7-  FOOT  TUNNEL 
r  F  S  V  '1/97  -731  1  MAY  1973 

notes ; 

1.  ACTUAL  MACH  NUMBER  IS  2-39. 

2.  0919  HRS  BEEN  CORRECTED  FOR  0.095  BIAS. 


N8IU  INDICATED  ANGLE  OF  A7TRCK .OCy  1  DEGREES ) 


SYMBOL  EXPLRN9T I  ON 

©  Re/L  =  3.7X10®! /FOOT ) 

-  9FFTC  CURVF 


P)  REFERENCE  MACH  NUMBER  =  2.41 

FIGURE  AT:  ANGLE  OF  ATTACK  ERROR  DUE  TO  LOCAL  FLOW  (CONTINUED) 


INDICATE!)  ANGLE  OF  AT  TACK  .  OC  v  I  DEGREES ) 


RFFTC  NBIU 
NASA/RRC  9-  X 
TEST  11/97-731 


CRL I BRRT I  ON 

7-FOOT  TUNNEL 
-  1  MAY  1973 


NOTES: 

1.  ACTUAL  MACH  NUMBER  IS  2.55. 

2.  DATA  HAS  BEEN  CORRECTED  FOR  0-095  BIAS. 


SYMBOL  EXPLANATION 


Re/L  =  3 .6X10®( /FOOT ) 
RFFTC  CURVE 


-4.0  0.0  4.0  6.0  12.0  16.0  20.0  24.0  28-0  32. 

NBIU  INOICATEO  ANGLE  OF  ATTACK .0CV  ( DEGREES ) 

Q)  REFERENCE  MRCH  NUMBER  =  2.54 

FIGURE  His  ANGLE  OF  ATTACK  ERROR  DUE  TO  LOCAL  FLOW  (CONCLUDED) 


APPENDIX  B 

COMPARISON  OF  ANGLE-OF-SIDESLIP  DATA  AND  FAIRINGS 


Data  from  the  NASA/ARC  calibration  of  the  AFFTC  NB1U  were  plotted  on 
the  same  grid  as  the  AFFTC  fairing.  The  data  from  test  11/97-73 1  were 
first  corrected  as  described  in  the  body  of  this  memorandum  and  plotted. 
The  AFFTC  fairing  as  obtained  from  the  production  software  was  also 
plotted.  Figure  B1  presents  the  error  in  angle  of  sideslip  due  to  local 
flow  for  all  test  Mach  numbers  and  angles  of  attack  for  a  range  of 
indicated  angles  of  sideslip . 
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AFFTC  NBIU 

NASA/ARC  11-  X 
TEST  11/97-731 


CALIBRATION 
11-FOOT  TUNNEL 
-  1  MAY  1973 


symbol  explanation 


© 


Re/L  =  2  -0X10®( /FOOT ) 
AFFTC  CURVE 


NOTES: 

t.  ACTUAL  MACH  NUMBER  IS  0.40. 

2.  DATA  HAS  BEEN  CORRECTED  FOR  -.285  BIAS. 


.0  -2.0  0.0  2.0  4.0  6.0  8-0  10.0  12.0  14.0 

NBIU  INDICATED  ANOLE  OF  SIDESLIP. (DEGREES) 


R)  REFERENCE  MACH  NUMBER  =  0.40 
FIGURE  Blc  ANGLE  OF  SIDESLIP  ERROR  DUE  TO  LOCAL  FLOW 


A/0ic  =  N8IU  TRUE  ANGLE  OF  S IOESL I P .  8  a  -  N8IU  INDICATED  ANGLE  OF  SIDESLIP.  By  (DEGREES) 


flFFTC  NBIU 

NASA/ARC  11-  X 
TEST  11/97-731 


CRL I BRRT I  ON 

11-FOOT  TUNNEL 
-  1  MAY  1973 


SYMBOL 


EXPLANATION 


Re/L  =  2 . 1X10®( /FOOT  ) 
AFFTC  CURVE 


NOTES: 

1.  ACTUAL  MACH  NUMBER  IS  0-60- 

2.  DATA  HAS  BEEN  CORRECTED  FOR 


-.285  BIAS. 


C)  REFERENCE  MACH  NUMBER  =  0.80 

FIGURE  Bis  ANGLE  OF  SIDESLIP  ERROR  DUE  TO  LOCAL  FLOW  (CONTINUED) 


anole  of  sideslip.  av  (decrees) 


A*LF  =  NBIU  TRUE  ANCLE  OF  SIOESLIP .  fi  a  -  NBIU  IHOICRTEO  ANCLE  OF  SIOESLIP.  IOECREES) 


SYMBOL  EXPLANATION 


flFFTC  NBIU  CRL I  BRAT  I  ON 

NASA/ARC  11-  X  11-FOOT  TUNNEL 
TEST  11/97-731  -  1  NAY  1973 

NOTES : 

1.  ACTUAL  MACH  NUMBER  IS  0.9S. 

2.  OATA  HAS  BEEN  CORRECTED  FOR  -.285  BIAS- 


©  Re/L  s  1  .6X10*1 /FOOT) 


AFFTC  CURVE 


«B=«-° 


OCnsIB  .O  J 


_...L _i._i  qcb=u.o  ; 


OCB=IO.O 


CCns!  S  .O 


OJgaj  1.0 


«q=;  O.o 


pcasrt.q 


acgs-z.o 


FIGURE 


NBIU  INOICATEO  ANGLE  OF  SIDESLIP  ,/ffy  <  OEOREES) 

E)  REFERENCE  NACH  NUMBER  =  0.95 
Bl:  ANGLE  OF  SIOESLIP  ERROR  DUE  TO  LOCAL  FLOW  (CONTINUED) 


INDICRTEO  HNGlE  OF  SIDESLIP 


STMBOL  EXPLRNRTION 


RFFTC  NBIU  CRL I  BRAT  I  ON 

NASA/ARC  11-  X  11-FOOT  TUNNEL  ©  R /L  =  2. ax io*( /foot) 

TEST  1  1/97-731  -  1  MAY  1973  __  rfftc  curve 

NOTES: 

1.  ACTUAL  MACH  NUMBER  IS  l.OS. 

2.  ORTR  HAS  BEEN  CORRECTEO  FOR  -.285  BIAS- 


F)  REFERENCE  MACH  NUMBER  =  1.05 

FIGURE  Bl:  ANGLE  OF  SIDESLIP  ERROR  DUE  TO  LOCAL  FLOW  (CONTINUED) 


am  iL» 


SLai 
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0.0  2.0  4.0  6.0  6.0  10.0 

N6IU  INDICATED  ANGLE  OF  SIDESLIP  y  (  DEOREES  ) 


G)  REFERENCE  MACH  NUMBER  =1.10 

FIGURE  Bl:  ANGLE  OF  SIOESLIP  ERROR  DUE  TO  LOCAL  FLOW  (CONTINUED) 
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TRUE  ANGIE  OF  SIDESLIP,  ft  a  -  N8HI  INDICATED 


A*lf  =  N8IU  TRUE  ANCLE  OF  SIOESL1P .  0a  -  N8IU  INDICATED  ANCLE  OF  SIDESLIP.  >»v  'DECREES) 


SYMBOL  EXPLANATION 


r 


RFFTC  NBIU  CALIBRATION 

NASA/ARC  11-  X  1 t -FOOT  TUNNEL 
TEST  11/97-731  -  1  MAY  1973 

NOTES: 

1.  ACTUAL  HACH  NUMBER  IS  1.30. 

2.  OATA  HAS  BEEN  CORRECTED  FOR  --285  BIAS. 


O  Re/L  =  2. 4X1 0*1 /FOOT) 
+  RE/L  =  3 .7X10® ( /FOOT ) 
-  AFFTC  CURVE 


I)  REFERENCE  MACH  NUMBER  =  1.30 

FIGURE  Bis  ANGLE  OF  SIDESLIP  ERROR  DUE  TO  LOCAL  FLOW  (CONTINUED) 
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CRTEO  ANGLE  OF  SIDESLIP. *  DEGREES ) 


AFFTC  NBIU  CRL I  BRAT  I  ON 

NFISA/ARC  11-  X  11-FOOT  TUNNEL 
TEST  1  1  /  97-731  -  1  MAY  1973 

NOTES: 

l-  ACTUAL  MACH  NUMBER  IS  1.40. 

2.  OATA  HAS  BEEN  CORRECTED  FOR  --2BS  BIAS. 


SYMBOL  EXPLANATION 


Re/L  -  4.1X10®( /FOOT ) 


AFFTC  CURVE 


-2.0— - *— 

-4.0  -2.0 


FIGURE  B 1 : 


OEOREES) 


SYMBOL 


EXPLANATION 


flFFTC  NBIU  CAL  I  BRAT  I  ON 

NASA/ARC  9-  X  7-FOOT  TUNNEL 
TEST  11/97-731  -  1  MAY  1973 

NOTES: 

1.  ACTUAL  MACH  NUMBER  IS  t.55. 

2.  DATA  REOUIREO  NO  CORRECTION  FOR  BIAS- 


© 

+ 


Rf/L  =  2. OX l 0s t /FOOT) 
Re/L  =  4.  OX 106 1 /FOOT) 
AFFTC  CURVE 


K)  REFERENCE  MACH  NUMBER  =  1.51 

FIGURE  81:  ANGLE  OF  SIDESLIP  ERROR  DUE  TO  LOCAL  FLOW  (CONTINUED) 
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HNOut 


Rf  P TC  NB I U  CALIBRATION 

NHSH/RRC  9-  X  7  FOOT  HJNNEL 
TEST  11/97-731  1  MAY  1973 

sores  ■ 

1  ACTUAL  MACH  NUMBER  IS  172- 

2.  DATA  REQUIRED  NO  CORRECTION  EOR  BIOS. 


SYMBOL  EXPLANATION 

(0  Re/L  ~  3 .7X10®!  /FOOT  I 

AFFTC  CURVF 


-2  .0! - 1 

-«-u  -2-0 


NBMJ  INDICATED  ANOLE  OF  S IDESL  IF  .  8  v  1  DEGREES  1 


i  1  REFERENCE  MACH  NUMBER  =  1  -71 

-  1%  -  ‘R’  :  •  OF  SIDESLIP  ERROR  DUE  TO  LOCAL  FLOW  (CONTINUED) 
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A^lp  =  N8IU  TRUE  ANOLE  OF  SIDESLIP,  fi  $  -  N8IU  INDICATED  ANOLE  OF  SIDESLIP .  Ay  (OEOREES) 


SYMBOL  EXPLANAT ION 


flFFTC  NBIU  CRL I  BRAT  I  ON 
NRSA/ARC  9-  X  7-FOOT  TUNNEL 
TEST  11/97-731  -  1  MAY  1973 

NOTES: 

1.  ACTUAL  MACH  NUMBER  IS  1.88. 

2.  DATA  REQUIRED  NO  CORRECTION  FOR  BIAS. 


©  Re/L  =  4 .3X10®! /FOOT  ) 
-  AFFTC  CURVE 


M)  REFERENCE  MACH  NUMBER  =  1.91 

FIGURE  B1 •  ANGLE  OF  SIDESLIP  ERROR  DUE  TO  LOCAL  FLOW  (CONTINUED) 


79 


SYMBOL  EXPLANATION 


AFFTC  NBIU  CALIBRATION 

NASfl/flRC  9-  X  7-FOOT  TUNNEL 
TEST  11/97-731  -  1  MAY  1973 

NOTES: 

1.  ACTUAL  MACH  NUMBER  IS  2.27. 

2.  OATA  REQUIRED  NO  CORRECTION  FOR  BIAS- 


Re/L  =  4.1X1061/F00T 
AFFTC  CURVE 


-4.0  -2.0  0.0  2.0  4.0  6.0  8.0  10.0  12.0  14.0 


NBIU  INDICATED  ANOLE  OF  SIDESLIP .0 y 1 DEOREES ) 

0)  REFERENCE  MACH  NUMBER  r  2-31 

FIGUPE  81:  ANGLE  OF  SIDESLIP  ERROR  DUE  TO  LOCAL  FLOW  (CONTINUED) 


#Lf  =  NBIU  TRUE  ANGLE  OF  SIDESLIP  fig  -  NBIU  INDICATED  ANGLE  OF  3ICFSlIP.>»v  (GEGREES) 


EXPLANRT I  ON 


Re/L  =  3 .7X10® ( /FOOT ) 
RFFTC  CURVE 

NOTES: 

!•  ACTUAL  NflCH  NUMBER  IS  2-39. 

2.  DATA  REQUIRED  NO  CORRECTION  FOR  BIAS. 


RFFTC  NBIU  CALIBRATION 

NASA/ ARC  9-  X  7-FOOT  TUNNEL 
TEST  11/97-731  -  1  NAY  1973 


P)  REFERENCE  NACH  NUMBER  =  2.41 

FIGURE  31:  ANGLE  OF  SIDESLIP  ERROR  DUE  TO  LOCAL  FLOW  (CONTINUED) 


t  DEGREES) 


RFFTC  NBIU  CflL I BRRT I  ON 

NflSfl/ARC  9-  X  7-FOOT  TUNNEL 
TEST  11/97-731  -  1  NAY  1973 

NOTESt 

1.  ACTUAL  HACH  NUnBER  IS  2.S5. 

2.  ORTA  REQUIRED  NO  CORRECTION  FOR  BIAS- 


STI1BOL  EXPLANATION 


© 


Re/L  =  3.6Xt06(/F00T) 
AFFTC  CURVE 


r 


APPENDIX  C 

PROGRAMMER’S  GUIDE  TO  THE 
AFFTC  NBIU  CALIBRATION  SOFTWARE 


INTRODUCTION 

Programmer  information  for  the  software  wnich  was  developed  to 
implement  tie  fairings  of  the  wind-tunnel  calibration  of  tne  AFFTC 
'Jilir  is  contained  in  this  appendix.  The  software  is  not  "stand  alone" 
software,  but  was  designed  to  be  included  in  data  reduction  routines. 
Those  subroutines  represent  an  "instrument  calibration"  for  the  hull' 
•/nic.i  should  be  applied  to  the  indicated  values  prior  to  corrections 
for  nitch  rate,  uowash,  or  boom  bending. 


1 

•* 
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NBIU  CALIBRATION  SUBROUTINES 
SUBROUTINE  ANGLES: 


Purpose .  Subroutine  ANGLES  is  tne  user  interface  with  the 
NBIU  calibration  software.  It  is  called  with  the  indicated  angle 
of  attack,  indicated  angle  of  sideslip,  freestream  Mach  number,  and 
user-defined  convergence  factors  (if  desired)  and  returns  NBIU  true 
angle  of  attack,  NBIU  true  angle  of  sideslip,  and  an  error  flag.  It 
checks  the  input  data  and  performs  the  outermost  iteration  involving 
convergence  of  angle  of  attack  and  angle  of  sideslin  to  their  true 
values . 


Conditions  of  Validity. 

(1)  The  external  conf iquration  of  the  test  NBIU  rust  closely 
match  the  wind-tunnel  conf icurat ion  as  described  in  the  Test  NBIU 
section  of  this  memorandum. 

(2)  This  subroutine  requires  tae  NBIU  indicated  angle  of 
attack  to  be  greater  than  -10.0  degrees  and  less  than  +40.0  degrees. 

If  the  value  is  outside  those  limits,  no  calculations  are  made  and 
the  NBIU  true  angle  of  attack  returned  is  the  same  as  the  value  when 
ANGLES  was  called  whether  from  user  initialization,  a  previous  call, 
or  computer  core  initialization. 

(3)  This  subroutine  requires  tae  NBIU  indicated  angle  cf 
sideslip  to  be  greater  than  -i5.0  decrees  and  less  than  +15.0  degrees. 
If  the  value  is  outside  these  limits,  no  calculations  are  r.aoe  and 
the  NBIU  true  angle  of  sideslin  returned  is  the  same  as  the  value 
when  ANGLES  was  called  whether  from  user  initialization,  a  previous 
call,  or  computer  core  initialization. 

(4)  It  is  assumed  tnat  Macn  number  inout  will  be  greater 
than  0.0  and  will  not  exceed  2.55  by  a  significant  amount.  No  checks 
are  made  within  the  NBIU  calibration  software  on  Mach  number.  Values 
less  than  0.0  obviously  renresent  invalid  data  which  the  user  must 
edit.  Values  greater  than  2.55  cause  extrapolation  of  curves  which 
were  defined  by  data  less  than  or  eaual  to  2.55.  The  extrapolated 
values  may  or  may  not  be  valid  and  confidence  decreases  rapidly  as 
Mach  number  increases. 

(5)  It  is  assumed  that  tile  user  will  either  accept  the 
default  values  of  convergence  factor  (the  allowable  difference  between 
two  consecutive  iterations)  on  angle  of  attack  and  angle  of  sideslip, 
or  substitute  reasonable  values.  Increasing  or  decreasing  the  con¬ 
vergence  factors  may  decrease  or  increase  run  time  by  a  very  small 
amount.  Any  decrease  or  srall  increase  ir.  the  convergence  factors 
will  not  significantly  affect  accuracy,  but  large  increases  could 
reduce  the  accuracy  significantly. 
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OCTAL  WORDS 


DECIMAL  WORDS 


Storage  Required. 


156  110 

Subprograms  Used. 

DLLALF,  DELBET,  ABS (absolute  function) 

Calling  Statement. 

CALL  ANGLES ( ALFAV , 3ETAV , AMCT , CONVRA , CONVRB , ALPHA, BETA, IFLAG) 


Calling 

Argument  Innut. 

INPUT 

DESCRIPTION 

UNITS 

a 

V 

ALFAV 

NBIU  indicated  angle  of  attack 

deg 

'  V 

BETAV 

NBIU  indicated  angle  of  sideslip 

deg 

l\ 

AMCT 

freestream  Mach  number 

N-D 

*,  u 

CONVRA 

con 

angle-of-attack  convergence  factor 

deg 

CONVRB 

con 

angle-of-sideslip  convergence  factor 

deg 

Calling 

Argument  Output. 

OUTPUT 

DESCRIPTION 

UNITS 

a 

ALPHA 

NBIU  true  angle  of  attack 

deg 

? 

SETA 

NBIU  true  angle  of  sideslip 

deg 

IFLAG 

error  flag  (see  Error  Flag  Structure 

subsection) 

— 

Major  Internal  Variables. 

VARIABLE 

DESCRIPTION 

UNITS 

JL  ' 

ALFAP 

previous  iteration  value  of  ALPHA 

ueg 

0  * 

UETAP 

previous  iteration  value  of  BETA 

deg 

!- 

a !  DALFA 

absolute  value  of  difference  in  ALPHA  between 
two  consecutive  iterations 

deg 

I  A 

3 |  DCETA 

absolute  value  of  difference  in  BETA 
two  consecutive  iterations 

between 

deg 
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Error  Flag  Structure. 

The  error  flag  output  by  ANCLES  denotes  an  error  and/or  error 
which  occurred  within  the  NBIU  calibration  software.  The  flay  value 
can  be  decoded  to  define  all  critical  errors  which  occur  with  the  pos¬ 
sible  exception  of  probier's  caused  by  user  innut  of  Mach  number  or 
convergence  factors.  The  error  flag  uses  two  digits  to  define 
errors  or  error  combinations ;  the  l’s  digit  denotes  an  error  in  the 
input  data  or  problems  with  convergence  of  either  angle  of  attack  or 
angle  of  sideslip  and  the  10* s  digit  denotes  problems  with  convergence 
of  the  larger  iteration  involving  both  angle  of  attack  and  angle  of 
siaeslin.  The  errors  are  summarized  below  where  an  X  in  either  the 
l’s  or  10* s  digit  denotes  insignif icance  of  the  digit  value  to  tae 
particular  error.  It  should  be  noted  that  any  but  the  first  or  second 
value  of  the  error  flag  denotes  software  problems  rather  than  data 
problems.  Convergence  failure  with  the  default  convergence  factors 
indicates  a  problem  at  the  intersection  of  two  segments  of  the  curves 
which  was  undetected  during  checkout  or,  more  likely,  a  card  which  was 
inadvertently  changed  during  copying  or  loading  of  the  routines. 
Although  no  convergence  failure  has  ever  been  noted  with  the  final 
software,  the  user  should  provide  anoropriate  checks  of  the  error 
flag  to  insure  that  valid  results  are  beino  obtained. 

IFLAG 

VALUE  DESCRIPTION  OF  ERRORS 


0  No  errors  encountered 

1  Inout  value  of  ALFAV  or  BETAV  is  outside  allowable 

limits:  No  calculations  are  made;  ALFA  and  BETA 

values  returned  or  from  previous  calls  or  user 
initialized  values 

X2  Convergence  within  subroutine  CNVRG  on  angle  of 

attack  failed  to  converge  within  20  iterations 

X3  Convergence  within  subroutine  CNVRG  on  angle  of 

sideslip  failed  to  converge  within  20  iterations 

X5  Convergence  within  subroutine  CNVRG  on  both  ancle 

of  attack  and  angle  of  sideslip  failed  to  converge 
within  20  iterations 

2X  Convergence  within  subroutine  ANGLES  on  anyle  of 

attack  failed  to  converge  within  20  iterations 

3X  Convergence  within  subroutine  ANGLES  on  angle  of 

sideslip  failed  to  converge  within  20  iterations 

5X  Convergence  within  subroutine  ANGLES  on  both  anyle 

of  attack  and  angle  of  sideslip  failed  to  converge 
within  20  iterations 
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Program  Description.  Subroutine  ANGLES  receives  inputs  froni 
user  routines,  sots  the  convergence  factors  to  the  default  values  if 
none  are  snecified,  and  checks  that  input  values  are  within  acceptable 
limits.  If  all  inputs  are  within  limits,  it  initializes  the  "true" 
angles  of  attack  and  sideslip  to  the  indicated  values.  based  on  the 
best  estimates  of  the  true  angles,  errors  due  to  local  flow  are  cal¬ 
culated  and  the  estimates  of  true  angles  are  updated.  The  process 
of  calculating  errors  due  to  local  flow  and  updating  the  estimates 
of  the  true  angles  continues  until  both  aloha  and  beta  on  two 
consecutive  iterations  are  within  their  resnective  convergence 
factors.  If  either  iteration  fails  to  converge  after  20  passes,  the 
error  flag  is  set  and  the  value  of  ALPHA  and  BETA  returned  is  the  last 
estimate.  The  flov;  diagram  and  program  listing  which  follov;  provide 
details  of  the  subroutine  oneration, 

Progr am_  L j sting . 


C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


SUBROUTINE  AN GL ESI ALFAV, BETAV ♦ A MCT , CQNVR A , CUN V K B , ALPH A , Bt T A . I  FLAG ) A 

A 

SUBROUTINE  ANGLES  DETERMINES  TRUE  ANGLE  OF  ATTACK  AND  TRUE  ANGLE 
OF  SIDESLIP  GIVEN  THE  INDICATED  VALUES  EUR  THE  STANDARD  AFFTC 
NUSEBUUM  INSTRUMENTATION  UNIT  (NBIUI  AS  REFERENCED  IN  REPORT 
AEFrC-TIM-Sl-2. "AERODYNAMIC  CHARACTERISTICS  OF  THE  AFFTC  NUSEBOOM 
INSTRUMENTATION  UNIT".  LIMITS  FOR  INDICATED  ANGLE  OF  ATTACK  ARE 
-10.0  TO  ♦  Au.O  DEGREES  AND  FOR  INDICATED  ANGLE  OF 
-15.0  TO  *15.0  DEGREES. 


SIDESLIP  ARE 


EXTERNAL 


INPUT  - 


VARIABLE 

NAME 

ALPAV 

bETav 

ANCT 

CUNVRA  - 
CUNVRB  - 


S- 


0UTPUT  - 


ALPHA 
BETA 
I  FLAG 


ATTACK 
S  IDESLIP 


DESCRIPTION 

BOON  INDICATED  ANGLE  OF 
BOOM  INDICATEO  ANGLE  OF 
FRE6STREAM  MACH  NUMBER 
ITERATION  CONVERGENCE  FACTOR  FUR 
ANGLE  OF  ATTACK  ( D EF AOL T = . 0 0 000 1) 
ITERATION  CONVERGENCE  FACTOR  FOR 
ANGLE  OF  SIDESLIP  I DE F AUL T= .  00000 1  ) 
BOOM  TRUE  ANGLE  OF  ATTACK 
BUUN  TRUE  ANGLE  UF  SIDESLIP 
ERROR  FLAG 

I  FL AG=  0 1  NO  ERRORS  ENCOUNTERED 
I F L AG=  1 1 ALFA V  OR  BETAV  IS  OUTSIDE 
ALLOWABLE  LIMITS 

IFLAG=X2. CNVRG  INTERNAL  CONVERGENCE 
ON  ANGLE  UF  ATTACK  FAILED 
IFLAG=X3, CNVRG  INTERNAL  CONVERGENCE 
ON  ANGLE  OF  SIDESLIP  FAILED 
IFLAG-X5, CNVRG  INTERNAL  CONVERGENCE 
ON  ANGLE  OF  ATTACK  AND 
ON  ANGLE  OF  SIDESLIP  FAILED 
IFLAG-2X, ALFA  CONVERGENCE  INCOMPLETE 
AFTER  20  ITERATIONS 
IFLAG* 3X, BETA  CONVERGENCE  INCOMPLETE 
AFTER  20  ITERATIONS 
IFLAG=5X*  ALFA  AND  BETA  CONVERGENCE 
INCOMPLETE  AFTER  20 
I TERAT IONS 


88 


UNITS 

-  DEGREES 

-  DEGREES 

_  «+**«*« 

-  DEGREES 

-  DEGREES 

-  DEGREES 

-  DEGREES 


NGLES 
NGLtS 
NGLES 
NGLES 
NGLES 
NGLES 
NGLtS 
NGLES 
NGLE  j 
NGLES10 
NGLES  11 
NGLES12 
NGL  t  S  1  3 
NGLES IA 
NGLES 15 
NGLES16 
NCLfc  S 17 
NGLES13 
NGLES 19 
NGLES2U 
NGLES21 
NGLES22 
NGLES23 
NGLES2A 
NGLES25 
NGL  E  S  26 
NGLES27 
NGL  E  S  2  ft 
NGLES2V 
NGLES30 
NGLES 31 
NGLES  32 
NGLES33 
NGLES3A 
NGLES  35 
NGL  ES  36 
NGLES  3 7 
NGL  E  S  3ft 
NGL  E  S  39 
NGlESAO 
NGL  E  S  A l 


— * 


o  o  o  o  o  o 


REVISION  RECORD-  A  NGLES42 

NAME  DATE  ANGLES A 3 

WRITTEN  BY  -  NARK  KORSNO  9  FEB  1978  GLES44 

REVISED  BY  -  KEN  RAWLINGS  23  JUL  1981  ANoLCS45 

ANGLES46 

***** ******************** ************  A**************************** ANGLES* 7 
OATA  C0NA,C0N8/. OOOOOI, .000001/  ANGLE  SAB 

C  SET  DEFAULT  VALUES  FOR  CONVERGENCE  FACTORS - ANGLES A9 

IF ( CON VR A  .EO.  0.0)  CQNVRA-CONA  ANGLES50 

IF ( CON VRB  .EQ.  0.0)  CUNVRB-CONB  ANGLES51 

C  CHECK  FOR  INPUT  VALUES  OUTSIDE  LIMITS - ANGLES52 

IFLAG  *  1  ANGLES53 

IF  C ( ALFAV  .LT.  -10.0)  .OR.  (ALFAV  .GT.  40. 0>)  RETURN  A  NGLES54 

IFKBETAV  .LT.  -15.0)  .OR.  (BETAV  .GT.  15.0))  RETURN  A  NGLES55 

C  INITIALIZE  ITERATION  VARIABLES - A  NGL  ES5b 

IFLAG  =0  ANGLES  5 7 

ALPHA-ALFAV  ANGLES5B 

BETA  =BETAV  A  NGL  E  S  59 

C  ITERATE  TO  OBTAIN  ALPHA  AND  BETA - A  NGL  E  S  60 

DO  100  1*1,20  ANGLES61 

ALFAP-ALPHA  ANGLES62 

BETAP*BETA  ANGLES63 

CALL  DELALFI ALFAV .BETA  , A MCT , CONVR A , I  FLAG , ALPHA )  ANGLES64 

CALL  OELBETI ALPHA, BETAV, AMCT.CONVRB, IFLAG, BETA  )  A  NGLES65 

DALFA  =  ABS( ALPHA— ALFAP )  A  NGLE  Sb6 

DBETA  =  ABS(BETA  — 8E  TAP )  ANGLES67 

IF ( ( D  ALFA  »LS .  CONVRA)  .AND.  (DBETA  .  LE. CUNVRB )  >  RETURN  ANGLES65 

100  CONTINUE  ANGLE  S69 

C  SET  FLAG  DENOTING  FAILURE  OF  ALPHA/BETA  ITERATION  TO  CONVERGE  - ANGLES7C 

IF ( D ALFA  .GT.  CONVRA)  I  FLAG- I FLAG* 2 0  ANGLE  E  71 

IFIDBETA  .GT.  CONVRB)  IFLAG=IFLAG*30  ANGLES  72 

RETURN  ANGLES  73 

END  ANGlES 74 


SUBROUTINE  D ELALF: 


Purpose .  Subroutine  DELALF  calculates  the  NBlu  true  angle 
of  attack  from.  the  NBIU  indicated  anqle  of  attack,  NBltJ  true  angle 
of  sidoslin  and  freestream  Mach  number.  DELALF  is  called  from  the 
iterative  loop  in  subroutine  ANGLES  with  the  NBIU  true  angle  of  side¬ 
slip  equal  to  the  latest  estimate  in  order  to  update  the  estimate 
of  MB  IT'  true  annle  of  attack. 


Storage  Reouirec. 


OCTAL  WORDS 


DECIMAL  WORDS 


Subprograms  Used. 

DALFAO ,  COS  (cosine  function) ,  ADS  (absolute  function) 
Calling  Statement. 

CALL  DF LAI, F  ( ALrAV, BETA,  AMCT  ,CONVRA,  IFLAG,  ALPHA) 


Calling  Argument  Innut. 


I N  P  ^'T 


ALFAV 


DESCRIPTION 


COMVRA 


MBIU  indicated  annle  of  attack 

MBIU  true  annle  of  sideslio 

freestream  Mach  number 

anqle-of-attack  convergence  factor 

error  flan  (see  Error  Plan  Structure,  Sub¬ 
routine  ANGLES) 


Calling  Arguments  Outnut. 


JUT  PUT 


DESCRIPTION 


IFLAG 


ME  I'M  true  annle  or  attack 

error  flan  (see  Error  Tina  Structure,  Sub¬ 
routine  ANCLES ) 


"njor  Internal  Variables. 


.'ART  ABLE 


ALPHAO 


’  I  ALERT 


DESCRIPTION 


•MB IP  true  annle  of  attack  for  innut  indicated 
annle  of  attack  and  freestream  Mach  number  but 
MBIU  true  annle  of  sides lin  equal  0.0 

channe  in  ME  It'  true  annle  of  attack  due  to 
MBIT'  true  annle  of  sideslin 


UNITS 


UNITS 


UNITS 


9D 


Program  Description.  Subroutine  DELALF  calculates  the  NBIU 
true  angle  of  attack  in  two  steos.  First,  subroutine  DALFAO  is 
called  to  calculate  the  true  angle  of  attack  for  the  input  indicatec 
angle  of  attack  and  Mach  number,  variable  ALPHAO .  For  Mach  numbers 
less  than  1.0,  a  small  correction  for  angle  of  sideslip,  variable 
DALFBT ,  is  calculated  and  added  to  variable  ALPHAO  to  obtain  the 
MBIU  true  angle  of  attack. 


Program  Listing. 


SUBROUTINE  DELAL F <  ALF A V , B E TA , AMCT , CON VRA , I F L AG , 
*********************************************** 


ALPHA)  DELALF 

******************* DELALF 

DELALF 


SUBROUTINE  DELALF  DETERMINES  BOOH  TRUE  ANGLE  OF 
BOOM  INDICATED  ANGLE  OF  ATTACK  AND  TRUE  ANGLE  0 
TRUE  ANGLE  UF  ATTACK  IS  CALCULATED  FOR  0.0  DEGR 
SIOESL  IP  AND  A  SMALL  DELTA  IS  ADDED  TO  ACCOUNT 
SIDESLIP  EFFECTS. 


ATTACK  GIVEN  THE 
F  SIDESLIP.  THE 
EES  ANGLE  OF 
FOR  ANGLE  OF 


DELALF 

DELALF 

DELALF 

DELALF 

DELALF 

DELALF 


EXTERNAL  VARIABLES— 


DELALF  LO 


c 

NAME 

DESCRIPTION 

UNITS 

DELALF 11 

c 

INPUT  - 

ALFAV 

-  BOOM  INDICATED 

ANGLE  OF  ATTACK 

-  DEGREES 

DELALF 12 

c 

BETA 

-  BOOM  TRUE  ANGLE 

OF  SIDESLIP 

-  DEGREES 

DELALF  13 

c 

AMCT 

-  FREESTREAM  MACH 

NUMBER 

_  ******* 

OELALF1A 

c 

CONVRA 

-  ITERATION  CONVERGENCE  FACTOR  FOR 

DEL ALF15 

c 

ANGLE  OF  ATTACK 

-  DEGREES 

DELALF16 

c 

I  FLAG 

-  ERROR  FLAG 

—  ******* 

DELALF17 

c 

OUTPUT  - 

ALPHA 

-  BOOM  TRUE  ANGLE 

OF  ATTACK 

-  DEGREES 

DELALF18 

c 

CONVRA 

-  ITERATION  CONVERGENCE  FACTOR  FOR 

0ELALF19 

c 

ANGLE  OF  ATTACK 

-  DEGREES 

DELALF20 

c 

I  FLAG 

-  ERROR  FLAG 

_  ******* 

DELALF21 

c 

UELALF22 

c 

RE  VIS  ION 

RECORD- 

DELALF23 

c 

NAME 

DATE 

DELALF2A 

c 

WRITTEN 

BY  -  MARK 

KORSMO 

9  FEB  1978 

DELALF25 

c 

REVISED 

BY  -  KEN 

RAALINGS 

23  JUL  1981 

DELALF26 

*********************************************** 
REAL  I NTR 

CALCULATE  TRUE  ANGLE  UF  ATTACK  AT  0.0  DEGREES  A 
CALL  DALFADt  ALFAV , AMC T » C U NVR A , I  FLA G , ALPHAO) 
CALCULATE  CHANGE  IN  ANGLE  OF  ATTACK  DUE  TO  ANGL 
DALFBT*0.0 

IF ( AMCT  .GT.  1.00)  GO  TO  100 

SLOP «♦ 15.0* < 1. -COS (ABS( BETA)/ 57. 296) ) 

INTR«-15.0*< 1.-C0S (ABS (BETA) /57. 296)) 

DALFB  T-I NT RM  SLOP* AMCT* AMCT) 

ALPHA* ALPHAO* DALFBT 

RETURN 

END 


DELALF27 

************  ******* qelalf 2 rf 

0  EL  Ai_F29 

NGLE  OF  SIDESLIP  — 0  EL  AL  F  30 


E  OF  SIDESLIP 


0ELALF31 
-DELALF32 
D  EL  A  LF  33 
0ELALF3A 
DELALF  35 
0 1 L  AL  F  36 
DEL ALF3  7 
DELALF36 
DELALF 3 9 
JELALF40 


* 

J 


SUBROUTINE  DALFAO: 


i1  urposo ♦  Subroutine  DALFAO  calculates  the  value  the  NblU 
true  ancle  would  have  for  the  MBIT  indicated  angle  of  attack  and 
frees trear  Mach  number  (usinc  data  fairings  for)  0.0  degrees  angle 

of  ; i bos  lie . 


storage  heou  i  red . 


OCTAL  LORDS 


DECIMAL  LORDS 


34  0 
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Sub-arcgrar.s  Used. 


C'.'VRC ,  AF’S  (absolute  function) 
Callinn  Statement. 


ALL  DALFAO (ALFAV, AMCT ,COMVRA, ITLAG , ALPHAO ) 
Cal  lino  Argument  Innut. 


ci  n 


\LF.\V 


a  "lag 


DESCRIPTION 


..1  IF  indicated  ancle  of  attack 

freer. trear  Mach  number 

anc le-o^-attack  converaence  factor 

error  flag  (see  Lrror  Flag  Structure,  Sub¬ 
routine  Ah  GLUT ) 


A  a) lino  "rgunent  Output. 


DT SCRIPT I DM 


UNITS 


deg 


L.JI1  L 


" V.G  error  .Mao  (ago  rror  F2ao  'tructr.rc,  .ub-  - 

recti  r.n  .V’ot,".';) 

'A'  '  •'  tv  true  r.r.do  of  attack  fer  tee  incut  values  dc 

at:  1 .  *  decree-?  rrcle  of  sides lin 

:  ic.:rar  bcucrir  tier. .  Sul-routine  DALFAO  calculates  the  NUIU 
•■rue  .  A"  attack  for  the  LSI7'  indicated  angle  and  freest  rear  Mach 
•;•*•{  ng  data  f a i nines  for  0.0  decrees  ancle  or  sideslip.  The 
fori;  ■'  t r  done  in  five  srorr.onts  coverine  various  Mach  number  ranges. 

.:  i  r  i ■  '  ./o^o  done  ir.  terms  of  local  flow  error  versus  true  angle 
cd  and  Mach  number  so  subroutine  CNVRG  was  called  to  iterate 

*■  -  •  ‘  as:  true  ancle  or  attack  fror  the  indicated  value. 


9? 


A0-A118  315  AIR  FORCE  FLIGHT  TEST  CENTER  EDWARDS  AFB  CA  F/G  1/3 

AERODYNAMIC  CHARACTERISTICS  OF  THE  AFFTC  NOSEBOOM  INSTRUMENT AT I— ETC (U) 
MAR  82  k  RAWLINGS »  M  T  KORSMO 

UNCLASSIFIED  AFFTC-TIM-G1-2-VOL-1  NL 


ooooooooouooooouooooooooo 


SUBROUTINE  OALFAO! ALFAV * A MCT .CONVRA , IFLAG » ALPHA 0)  OALFAO 

C***********************************************************************DALFAO 

OALFAO 

SUBROUTINE  OALFAO  DETERMINES  BOON  TRUE  ANCLE  OF  ATTACK  GIVEN  THE 
BOON  INDICATED  ANGLE  OF  ATTACK  ANO  CORRESPONDING  FREE  STREAM  MACH 
NUMBER*  THE  SUBROUTINE  IS  VALID  ONLY  AT  0.0  DEGREES  ANGLE  OF 
SIDESLIP. 


EXTERNAL  VARIABLES- 
NAME 

INPUT  -  ALFAV 
AMCT 
CQNVRA 


IFLAG 

OUTPUT  -  ALPHAO 
IFLG 


IFLAG 


DESCRIPTION 

BOOM  INDICATED  ANGLE  OF  ATTACK 
FREES TREAM  MACH  NUMBER 
ITERATION  CONVERGENCE  FACTOR  FOR 
ANGLE  OF  ATTACK 
ERROR  FLAG 

BOOM  TRUE  ANGLE  OF  ATTACK  AT  0.0 
DEGREES  ANGLE  OF  SIDESLIP 
ITERATION  REOUEST  FLAG 
IFLG*2* ITE RATION  REQUESTED  ON  ANGLE 
OF  ATTACK 
ERROR  FLAG 


UNITS 

-  DEGREES 

-  ******* 

-  DEGREES 

-  ******* 

-  DEGREES 

-  ******* 


-  ******* 


REVISION  RECORD- 
NAME 

WRITTEN  BY  -  MARK  KORSMO 
REVISED  BY  -  KEN  RAWLINGS 


DATE 
9  FEB 
8  JAN 


1978 

1982 


OALFAO 
OALFAO 
OALFAO 
OALFAO 
OALFAO  8 
OALFAO  9 
DALFA010 
DALFAOIL 
0ALFA0I2 
0ALFA013 
DALFA014 
DALFA0L5 
DALFA016 
DALFA0I7 
DALFA018 
QALFA019 
0 ALFA020 
DALFA02I 
DALFA022 
DALFA023 
0ALFA024 
DALFA025 
DALFA026 


DALFA027 

C***********************************************************************0ALFA028 
DATA  IFLG/2/ 

C  SET  VALUES  OF  CONSTANTS  FROM  CURVE  FITS  - 

OATA  BIl»B2l»SIltS2I/  -1.18395*  -0.70130*  -0.42941*  ♦0.00111/ 

DATA  B12*B22*S12*S22/  >0.00000.  ♦0.00000*  -1.45250* 

DATA  BL3*B23*S13*S23/  -0.33865*  -7.31612*  -0.56863* 

DATA  B14.B24.S14.S24/  -2.72322*  -0.14655*  ♦0.47719* 


DETERMINE  TRUE  ANGLE  OF  ATTACK  AT  0.0  DEGREES  ANGLE 


D ALFA029 
D ALFA030 
D ALFA031 
DALFA032 
DALFA033 
DALFA034 
SIDESLIP  — -0ALFA035 


-1.31721/ 
♦2.95072/ 
-0.19369/ 
OF 


IFIAMCT 

.LE. 

1.000) 

GO 

TO 

100 

DALFA036 

IF1AMCT 

.LE. 

l. 100) 

GO 

TO 

200 

DALFA037 

IF (AMCT 

.LE. 

1.300) 

GO 

TO 

300 

0ALFA038 

IFiAMCT 

.LT. 

1.510) 

GO 

TO 

600 

0ALFA039 

GO  TO  700 


0 ALFA040 


! 

t 

i 


1 


c 

100 


c 

200 


C 

300 


400 

400 


C 

600 


c 

700 


ALPHA 0  FOR  MACH  NUMBER  LESS  THAN  1.000 - - - - — - 

CALL  CNVRGI BlltB21*Sll»S21  *ALFAV»AMCT  tCONVRAt I FLG* ALPHAO* IFLAG) 

ALPHA0-ALPHA0M0.2935*(l.0-AMCTI**2l 

RETURN 

ALPHAO  FOR  MACH  NUMBER  BETWEEN  1.000  A  NO  1.100 - 

AMC1-1.00 

AMC2-1.10 

CALL  CNVRGt811»B21»SU»S21»ALFAV»AMCl*C0NVRA*IFLG.tALFAl..IFLAG) 
CALL  CNVRGt  812»B22»S12*S22»ALFAVtAMC2  tCQN¥RA» IFLG*ALFA2*IFLAG ) 
FAC TOR* 1 1 AMCT*AMCT l-( AKC1*AMC 1) I  /  ( ( AMC2*AMC2)-( A*C1*AMC1)I 

ALPHA  0"ALFA1M  FAC  TOR* ( ALFA 2-ALFA1) ) 

RETURN 

ALPHAO  FOR  MACH  NUMBER  BETWEEN  1.10  AND  1.30 - - — - 

AMC1-1.10 

AMC2-1.30 

CALL  CNVRGtBl2»B22»S12»S22»ALFAV.ANCl»C0NVRA«IFLG*ALFAl.IFLAGI 
IF ( ABS (ALF AV).LE.(10.94851+(( -0.14060 )*( AMCT4AMCT ) I) IGO  TO  400 
CALL  CNVRGl 813*823 •S13»S23*ALFAV«AMC2*C0NVRA»IFLGtALFA2» IFLAG) 
GO  TO  500 

CALL  CNVRGm4»824»S14*S24»ALFA¥.AMC2*CUNVRA*IFLG.ALFA2,lFLAGI 

Factor*!  (  amcmamct  )— c  anci*amci>  >  /  (<anc2*amc2)-(ahci*amcii  ) 

ALPHA 0*ALF Al> (FAC TOR*( ALFA2-ALFA1) ) 

RETURN 

ALPHAO  FOR  MACH  NUMBER  BETWEEN  1.30  AND  1.51- - 

IF ( AB S ( ALF AV ) .LE« ( 10.94851  +  i (—0.14060 )*( AMCT*AMCT ) ) ) ) GO  TO  700 
CALL  CNVRG(B13»B2 3 »S 13» S23 t ALFAV.AMCT »CUNVRA *  I FLG, ALPHAO, IFLAG) 
RETURN 

ALPHAO  FOR  MACH  NUMBER  GREATER  THAN  1.51 - 

CALL  CNVRG(B14»B24,S14,S24»ALFAV,ANCT,C0NVRA,IFLG, ALPHAO, IFLAG I 

RETURN 

END 


0ALFA041 
DALFA042 
D.ALFA043 
0ALFA044 
OALFA045 
0ALFA046 
DALFA047 
0ALFA048 
0ALFA049 
DALFA050 
0ALFA051 
0 ALFA052 
DALFA053 
DALFA054 
0ALFA055 
0ALFA056 
0ALFA057 
DALFA058 
DALFA059 
DALFA060 
0ALFA061 
0ALFA062 
0 ALFA063 
0 ALFA064 
0ALFA065 
DALFA066 
0ALFA067 
DALFA068 
DALFA069 
0ALFA070 
DALFA071 


§4 


SUBROUTINE  PELBET: 


Purpose:  Subroutine  DELBET  calculates  the  NBIU  true  angle  o 
sideslip  f'rom  the  NBIU  indiqated  angle  of  sideslip,  NBIU  true  angle  of 
attack  and  freestream  Mach  number.  DELBET  is  called  from  tae  iterative 
loop  in  subroutine  ANGLES  with  the  NBIU  true  angle  of  attack  equal  to 
the  latest  estimate  in  order  to  update  the  estimate  of  NBIU  true  angle 
of  sideslip. 

Storage  Required. 


OCTAL  LORDS  DECIMAL  LORDS 


345 


229 


Subprograms  Used. 

COS  (cosine  function),  DLETAO,  ABS  (absolute  function) 
Calling  Statement. 

CALL  DELBET  (ALPHA, BETAV, AMCT , CONVRB , IFLAG, BETA) 
Calling  .Argument  Input. 


INPUT 

DESCRIPTION 

UN  I  To 

a 

ALPHA 

NBIU  true  angle  of  attack 

deg 

3v 

BETAV 

NBIU  .indicated  angle  of  sideslip 

aeg 

M 

AMCT 

freestream  Mach  number 

N-D 

A3 

_  CONVRB 

con 

angle-of-sideslip  convergence  factor 

deg 

IELAG 

error  flag  (see  Error  rlag  Structure, 
routine  ANGLES) 

Sub- 

— 

Calling 

Argument  Output. 

OUTPUT 

DESCRIPTION 

UNITS 

2 

BETA 

NBIU  true  angle  of  sideslip 

deg 

IFLAG 

error  flag  (see  Error  Flag  Structure, 
routine  ANGLES) 

Sub- 

— 

Major  I 

nternal  Variables. 

VARIABLE 

DESCRIPTION 

UNITS 

0 

LETAO 

NBIU  true  angle  of  sideslip  for  input 
angle  of  sideslip  and  freestream  Mach 
NBIU  true  angle  of  attack  equal  0.0 

indicated 
number  but 

deg 

A3 

DB 

a 

change  in  NBIU  true  angle  of  sideslip 
angle  of  attack  (subscripts  of  1  or  2 
used  to  denote  Mach  number) 

due  to 
are 

deg 

95 


Program  Description.  Subroutine  DELBET  calculates  tne  SBIE 
true  angle  of  sideslip  in  two  steps.  First,  subroutine  DBETAO  is 
called  to  calculate  the  true  angle  of  sideslip  for  the  input  indicated 
angle  of  sideslip  and  Mach  number,  variable  BETAO.  A  correction  for 
angle  of  attack  is  then  calculated  and  added  to  variable  BETAO  to 
obtain  the  NBIU  true  angle  of  sideslip. 

Program  Listing. 


SUBROUTINE  0EL8E T ( ALPHA, BET* V • AMCT* CONVRB, IFLAG .BETA  I  DELB t i 

0 ***** ******** ******************************************************** **oelbet 

C  DELBET 

SUBROUTINE  DELBET  DETERMINES  BOOM  TRUE  ANGLE  OF  SIDESLIP  GIVEN  THEDELBET 


BOOM  INDICATED  ANGLE  OF  SIOESLIP  AND  TRUE  ANGLE  OF  ATTACK.  THE 
TRUE  ANGLE  UF  SIDESLIP  IS  CALCULATED  FOR  0.0  OEGREES  ANCLE  OF 
ATTACK  AND  A  SMALL  OELTA  IS  ADDED  TO  ACCOUNT  FOR  ANGLE  OF  ATTACK 
EFFECTS. 

EXTERNAL  V  AR I  ABLE  S- 

NAME  DESCRIPTION  UNITS 

INPUT  -  ALPHA  -  BOUM  TRUE  ANGLE  OF  ATTACK  -  OEGREES 

BETAV  -  BOOM  INDICATED  ANGLE  OF  SIDESLIP  -  DEGREES 

AMCT  -  FREESTREAM  MACH  NUMBER  -  ******* 

CO.NVRB  -  ITERATION  CONVERGENCE  FACTOR  FOR 

ANGLE  OF  SIOESLIP  (DEFAULT-. 000001 )  -  DEGREES 

(FLAG  -  ERROR  FLAG  -  ******* 

OUTPUT  -  BETA  -  BOUM  TRUE  ANGLE  OF  SIDESLIP  -  DEGREES 

I  FLAG  -  ERROR  FLAG  -  ******* 


REVISION  RECORD- 
NAME 

WRITTEN  ay  -  MARK  KURSMO 
REVISED  BY  -  KEN  RAnLINGS 


DATE 

9  FEB  1978 
6  NOV  1981 


DELBET 
OELBET 
OELBET 
DELBET 
OELBET 
DELBET 10 
DELBET 11 
DELBET 12 
DELBET 13 
OELBET 14 
DELBET lb 
DELBET 16 
DELBET 17 
DELBET18 
DELBET 19 
DELBET20 
0ELBET21 
DEL8ET22 
DEL8ET23 
DELBET  24 
DELBET  25 


C ********** ************************************************************* DELBET 2b 
REAL  I  NT  »I NT  18  DELBET 2  7 

DIMENSION  A  <  3  > .8(31 tC(3) .0(31 »E(3)  DELBET28 

C  SET  VALUES  UF  CONSTANTS  FROM  CURVE  FITS - DELBET29 

DATA  A  779306lE-3»*.3574667E-l»-.1413029E-2/0ELBET30 

DATA  8  /♦. 1443219E-2.-.2264961E-1, ♦.OOOOOOOEOO/OELBET31 

DATA  C  /♦• 996709 7E-3*-. 3501526E— l 123614 6E—2/DELBET  32 

DATA  0  • 10  5905  4E—2»  —• 278744 4£—l»* • 12968 7 5E— 2/ DELBET 3  3 

DATA  E  . 4961146E— 3» 7073456E— 2 .♦•3726786E— 3/DELBET34 


OEFINE  STATEMENT  FUNCTIUN  - 


DEL8ET35 
DELBET  36 


DBET(  S,T,U,A,8>-(S*B*ABSm*A)MT*B*A)*(U*B*A*A> 

CALCULATE  TRUE  ANGLE  OF  SIDESLIP  AT  0.0  DEGREES  ANGLE  OF  ATTACK  —DELBET 37 
CALL  DBETA0( BETA V  ,  AMCT tCONVRB . IFLAG » BETAO)  0ELBET38 

CALCULATE  CHANGE  IN  ANGLE  OF  SIOESLIP  DUE  TO  ANGLE  OF  ATTACK  - DELBET39 

IF  I AMCT  .LE.  1.30)  GO  TO  100  DELBET40 

IF ( AMCT  .LE.  1.55)  GO  TO  200  DELBET41 

IF ( AM CT  .LE.  1.88)  GO  TO  300  DELBET42 

IF ( AMCT  .LE.  2.07)  GO  TO  400  DELBET43 

IF (AMCT  .LE.  2.27)  GO  TO  $00  0ELBET44 

GO  TO  600  0ELBET45 


c 


c 


c 


c 


BETA  FOR  MACH  NUMBER  LESS  THAN  1.300  - 

100  SL0P1 8-11. 4*4444* ( 1. -(COS ( BETAV/57. 296) )**2> 

SLOPE -SLOP  18*  { SLOP 18/ .048943 )  *(  l.-COS  ( At) S(  ALPHA/ 57 .2 96) ) 
INTI 8— 25.  25*  1 1  .—  (COS  I  BETAV/57. 296)  )**2) 

1NT-1 NT18*( INT18/ (. 048943  >1*1 ( 1 .-COS ( ABS ( ALPHA/ 57.296 >> ) 

DB1-I NT*SLOPE *AMCT*AMCT 

IF( BE  TAV.LT .0  .  )  08  1— 06 1 

BETA-BETA0*DB1 

RETURN 

BETA  FOR  MACH  NUMBER  BETWEEN  1.300  AND  1.550  - 

200  AN 1-1. 30 
AM2-1.55 

SLOP  1 8-11. 444444* (l.-( COS (BETAV/57. 296) )**2) 

SLOPi-SLOP 18* (SLUP18/.048943)*! l.-COS (ABS! ALPHA /57. 296)) 
INT18— 25.25* U.- (COS (BETAV/5  7. 296)  )**2) 

INT- 1  NT  18* ! INT 18/ ( ,048943 )  )* ( ( 1 .-COS ( ABS ( ALPHA/ 57.296  )) ) 

OBI- 1  NT  ♦  SLOPE  *A  M1*AM1 

IF ( BE  TAV.LT.O.)  OBI—  OBI 

DB2-0 BET ( A ( 1 ) , A ( 2 ) . A( 3 ) , ALPHA  , BETA V ) 

FACTOR -( (AMCT*AMCT)-(AM1*AM1) >/ ( ( AM2*AM2 > -( AM1*AM1 ) ) 
BETA-BETAOM  OB  1+ ( F AC  TOR* ( DB2-DB1) ) ) 

RE  TURN 

BETA  FOR  MACH  NUMBER  BETWEEN  1.550  ANO  1.880  - 

300  AM 1-1. 55 
AM2-1.88 

0B1-0BET (A( II *A(2)*A(3), ALPHA *BETAV) 

DB2-DBET (B(1)*B(2).B(3). ALPHA. BETAV) 

FACT0R-((AMCT*AMCT)-(AM1*AM1)  )/{(AN2*AM2)-(AMl*AHl) ) 

BET  A-  BETAO* ( OBI*  (  FACTOR*(  0B2-0B1) ) ) 

RETURN 

BETA  FOR  MACH  NUMBER  BETWEEN  1,880  ANO  2.070  - 

400  AMI- 1.88 
AM2-2.07 

0B1-D  BET ( B ( 1 ) 1 8(2) ,B( 3 ) .ALPHA .BETA V ) 

0B2-0BET (C ( 1) .C(2).C(3) , ALPHA , BETA V ) 

FACTOR-! (AHCT*AMCTI— (AM1*AMI)  ) / ( ( AM2*AM2 ) - ( AMI* AMU  I 
BETA-BETA0*(0B1*(FACT0R*(DB2-DBI)> ) 

RETURN 

BETA  FOR  MACH  NUMBER  BETWEEN  2.070  ANO  2.270  - 

500  AMI-2.07 
AM2-2.27 

0B1-0BET (C ( 1) .C(2> ,C<3) .ALPHA .BETA V ) 

0B2-0  BET (0(1) »0(2).0(3)>ALPHA.BETAV) 

FACTOR-) (AMCT*AMCT)-(AM1*AM1) )/ ( ( AM2*AH2 )-( AN1*AM1) ) 
BETA-BETAOM OBI* (FACTOR* (0B2-DB1)) ) 

RETURN 

BETA  FOR  MACH  NUMBER  BETWEEN  2.270  ANO  2.550  - 

600  AMI-2. 27 
AM2-2.55 

OBl-O  BET (0(1) .0 ( 2 ). 0(3) .ALPHA. BETA* ) 

0B2-0  BET ( E ( 1 ) , E ( 2 ) ,E ( 3 ) » ALPHA . BETA V ) 

FACTOR-) (AMCT*AMCT  >-! AH1*AM1 ) )/ ( ( AM2*AM2 )-! AM1*AM1) ) 
BETA- BET AO* ( OBI* ( FACTOR* ( 0B2-0B1 ) ) ) 

RETURN 

ENO 


- DELBET46 

DELBET47 
.048943*  0ELBET48 
uEl  4ET49 
.048943)  0EL8ET50 
0ELBET51 
0ELBET52 
0ELBET53 
0ELBET54 

- 0EL8ET55 

0ELBET56 
DELBET57 
0ELBET5B 
.048943)  0ELBET59 
0ELBET60 
.048943)  0ELBET61 
0ELBET62 
0ELBET63 
OELBET 64 
0ELBET65 
OELBET  66 
0ELBET67 

- 0ELBET68 

0ELBET69 

DELBET70 

0ELBET71 

DELBET72 

0ELBET73 

0ELBET74 

0ELBET75 

- 0ELBET76 

OELBET77 
DELBET78 
0ELBET79 
OELBET80 
0ELBET81 
OELBET82 
OELBET  83 

- OtLBET 84 

0ELBET85 
0EL8ET86 
OELBET  87 
DELBET  88 
OELBET  89 
0ELBFT90 
0ELBET91 

- 0ELBET92 

DELBET93 
DELBET94 
0ELBET95 
0ELBET96 
0EL8ET97 
0ELBET98 
0ELBET99 
DELBET  0 


97 


SUBROUTINE  DBETAO 


Purpose.  Subroutine  DBETAO  calculates  the  value  the  NBIU  true 
angles  would  have  for  the  NBIU  indicated  angle  of  sideslip  and  free- 
stream  Mach  number  (using  data  fairings  for)  0.0  degrees  angle  of 
attack . 


Storage  Required. 

OCTAL  WORDS  DECIMAL  WORDS 

266  182 

Subprograms  Used. 

CNVRG,  ABS  (absolute  function) 

Calling  Statement. 

CALL  DBETAO  (BETAV, AMCT ,CONVRB , I FLAG, BETAO) 


Calling  Argument  Input. 

INPUT 

DESCRIPTION 

UNITS 

6v 

BETAV 

NBIU  indicated  angle  of  sideslip 

deg 

M 

AMCT 

freestream  Mach  number 

N-D 

A6 

f 

CONVRB 

con 

angle-of-sideslip  convergence  factor 

deg 

I  FLAG 

error  flag  (see  Error  Flag  Structure,  Sub¬ 

— 

routine  ANGLES) 

Callinq 

Arqument  Output. 

OUTPUT 

DESCRIPTION 

UNITS 

B0 

BETAO 

NBIU  true  angle  of  sideslip  for  the  input  values 

deg 

U 

at  0.0  degrees  angle  of  attack 

I FLAG  error  flag  (see  Error  Flag  Structure,  Sub¬ 

routine  ANGLES) 


Program  Description.  Subroutine  DBETAO  calculates  the  NBIU  true 
angle  of  sideslip  for  the  NBIU  indicated  angle  and  freestream  Mach  number 
using  data  fairings  for  0.0  degrees  angle  of  attack.  The  fairings  were 
done  in  six  segments  covering  various  Mach  number  ranges.  All  fairings 
were  done  in  terms  of  local  flow  error  versus  true  angle  of  sideslip 
and  Mach  number  so  subroutine  CNVRG  was  called  to  iterate  to  obtain 
true  angle  of  sideslip  from  the  indicated  value. 


<J<JOOOOO<JOOOOOOOOOOOOOUOOOO 


aram  Listing 


INPUT  - 


SUBROUTINE  OBE TA0(8ETAV,ANCT, CONVRB ,IFLAG,8ETA0)  OBETAO  1 

******************************************************************OBETAo  2 

OBETAO  3 

SUBROUTINE  OBETAO  DETERMINES  BOON  TRUE  ANGLE  OF  SIDESLIP  GIVEN  THEOBETAO  A 
BOON  INDICATED  ANGLE  OF  SIDESLIP  AND  CORRESPONDING  FREESTREAN  NACHOBETAO  5 
NUMBER.  THE  SUBROUTINE  IS  VALIO  ONLY  AT  0.0  DEGREES  ANGLE  OF  OBETAO  6 

ATTACK.  OBETAO  7 

OBETAO  8 

EXTERNAL  VARIABLES-  DBETAO  9 

NAME  DESCRIPTION  UNITS  DBETAOIO 

INPUT  -  BETAV  -  BOOM  INDICATED  ANGLE  OF  SIOESLIP  -  DEGREES  OBETAOil 

AMCT  -  FREESTREAM  MACH  NUMBER  -  *******  0BETA0I2 

CONVRB  -  ITERATION  CONVERGENCE  FACTOR  FOR  0BETA0L3 

ANGLE  OF  SIDESLIP  -  DEGREES  DBETA014 

OUTPUT  -  8ETA0  -  BOUM  TRUE  ANGLE  OF  SIDESLIP  AT  0.0  DBETA0I5 

DEGREES  ANGLE  OF  ATTACK  -  DEGREES  UBETA0I6 

IFLG  -  ITERATION  REQUEST  FLAG  -  *******  OBE TA017 

IFLG*3* ITERATION  REQUESTED  ON  ANGLE  D8ETA018 

OF  SIDESLIP  DBETA0I9 

I  FLAG  -  ERROR  FLAG  -  *******  0BETA020 

DBETA02I 

REVISION  RECORD-  DBETA022 

NAME  DATE  DBETA023 

WRITTEN  8Y  -  MARK  KQRSMO  9  FEB  1978  0BETA024 

REVISED  BY  -  KEN  RAmL INGS  23  JUL  1981  0BETA0Z5 

DBETA026 

************************* ****«***%********************************0BETA027 
DIMENSION  A(  3 ) »  B ( 3 ) »C { 3) *0(39 » E  (  3)  DBETA028 

OATA  IFLG/ 3/  DBETA029 

SET  VALUES  OF  CONSTANTS  FROM  CURVE  FITS - D8ETA030 

OATA  Bll»a2i»SU, S21  /-l. 09600,  *0.30297,  -0.83625,  -0.08829/DBETA031 

OATA  A  /—. 2833568E— 3,  .OOOOOOOEOO .-.8340577E-1/DBET A032 

OATA  8  /♦ • 00000 OOE 00, -. 15209 52 E—i,*. 192 1 39 7E00/ OBETAO 33 

OATA  C  /-.4792185E-3,  . OOOOOOOEOO ,♦ .7057031E-1/DBETA034 

DATA  D  /♦. 1791000E-2,-.3334467E-l,*.6650189E-l/DBETA035 

DATA  E  /♦ • 59899 9 IE— 3,  .OOOOOOOEOO, -.1840622E00/08ETA036 

DEFINE  STATEMENT  FUNCTION - 0BETA037 

DBET0(P,0»R,B»»(P*8*B*B»*(Q*8*A8S(B» )*(R*B>  DBETA038 

OE TERMINE  TRUE  ANGLE  OF  SIDESLIP  AT  0.0  DEGREES  ANGLE  OF  ATTACK  —DBETA039 


NAME 

DESCRIPTION 

UNITS 

BETAV 

- 

BOOM  INDICATED  ANGLE  OF  SIOESLIP 

-  DEGREES 

AMCT 

- 

FREESTREAM  MACH  NUMBER 

-  ******* 

CONVRB 

— 

ITERATION  CONVERGENCE  FACTOR  FOR 
ANGLE  OF  SIDESLIP 

-  DEGREES 

BETAO 

— 

BOUM  TRUE  ANGLE  OF  SIDESLIP  AT  0.0 
DEGREES  ANGLE  OF  ATTACK 

-  DEGREES 

IFLG 

ITERATION  REQUEST  FLAG 

1FLG-3, ITERATION  REQUESTED  ON  ANGLE 
OF  SIDESLIP 

-  ******* 

I  FLAG 

- 

ERROR  FLAG 

-  ******* 

REVISION  RECORD- 
NAME 


WRITTEN  8Y  - 
REVISED  BY  - 


MARK  KQRSMU 
KEN  RAmLINGS 


DATE 

9  FEB  1978 
23  JUL  1981 


IF (AMCT  .LE.  1.30) 
IF (AMCT  .LE.  1.55) 
IF (AMCT  .LE.  1.88) 
IF ( AMCT  .LE.  2.07) 
IF(AMCT  .LE.  2.27) 
GO  TO  600 


GO  TO  100 
GO  TO  200 
GO  TO  300 
GO  TU  400 
GO  TU  500 


DBETA040 

08ETA041 

DBETA042 

0BETA043 

0BETA044 

DBETA045 
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c 

LOO 


C 

200 


C 

300 


C 

400 


C 

500 


C 

600 


BETAO  FOR  MACH  NUMBER  LESS  THAN  1.300  - 

CALL  CNVRG1 BLL,B2l.Sll,S2L,BETAV,ANCT tCONVRB , 1FLG* BETAO, IFLAG ) 
RETURN 

BETAO  FOR  MACH  NUMBER  BETWEEN  1.300  AND  1.550  - 

AMI- 1.30 
AM2-1.55 

CALL  CNVRG(BLL«821,Sll,S21«dETAV»AML»C0NVRB»IFLG,BETA0,IFLAG) 
OB 1-BETA O-BETAV 

0B2-DBET0C A( 1) , A ( 2 ) .A ( 3 1 , BETA V ) 

FACTOR-!  (AMCT*AMCn-(AMl*AMll  )/ ( (AM2*AM2  )-( AN1*AM1> ) 
B£TAO-BETAV*(OBl*(FACTOR*( 0B2— DB 1 ) ) > 

RETURN 

BETAO  FOR  MACH  NUMBER  BETWEEN  1.550  AND  1.880  - 

AMI- 1.55 
AM2-1.88 

0B1-DBET0(A(1) »  A ( 2 ) ,A(3),BETAV) 

0B2*0BET0(B( 1) .8(2) .6(3) .BETAV) 

FACTOR-! (AMCT*AMCT)-(AM1*AM1) ) / ( ( AM2*AM2 )-( AMI*AM1 ) ) 
BETAO-BETAVM  OBI* ( FACTOR* ( 0B2-0B1)  > ) 

RETURN 

BETAO  FOR  MACH  NUMBER  BETWEEN  1.880  AND  2.070  - 

AMI- 1.88 
AM2-2.07 

DBl-DBETO! B( 1 ) ,B(2) »B(3) .BETAV) 

0B2-0BET0(C(L).C(2).C(3)*BETAV) 

FACTOR-1 (AMCT*AHCT)-(AM1*AM1) ) I ( (AM2*AM2 )-( AMI* AMI ) ) 

BETAO-BETA V*( OB 1*( FACTOR* ( 082-0B1 ) ) ) 

RETURN 

BETAO  FOR  MACH  NUMBER  BETWEEN  2.070  ANO  2.270  - 

AM  1-2 . 07 
AM2-2.27 

DBl-OBETOCC!  1 ) , C ( 2 ) .Cl 3» , 8ET A V ) 

0B2-0BET0! 0(1) ,0(2) .0(3) .BETAV) 

FACTOR-!  (AMCT*AMCn-(AMl*AMH  )/(  (AM2*AM2  )-(  AM1*AM1)  ) 
BETA0-B£TAV*(0B1*( FACTOR* ( 082— DB1) > ) 

RETURN 

3ETA0  FOR  MACH  NUMBER  BETWEEN  2.270  ANO  2.550  - 

AMI-2.27 
AM2-2 .55 

DB1-DBET0(D(1)«D(2), 0(3), BETAV) 

082-0 BETO ( E ( 1 1 ,E ( 2 ) ,E(3) .BETAV) 

FACTOR-(  (AMCT*AMCT)-(AM1*AM1)  1/1 (AM2*AM2>-( AM1*AM1)  ) 

BE  TA0»BETAV*(  OBI*  (  FACTOR  M0B2-DB1)  )  ) 

RETURN 

ENO 


0BETAO46 

0BETA047 

08ETA048 

0BETA049 

OBETA050 

0BETA051 

0BETA052 

0BETA053 

0BETA054 

0BETA055 

08ETA056 

0BETA057 

0BETA058 

0BETA059 

0BETA060 

DBETA061 

0BETA062 

08ETA063 

D8ETA064 

D6ETA065 

0BETA066 

DBETA067 

0BETA068 

0BETA069 

0BETA070 

0BETAO71 

0BETA072 

0BETA073 

DBETA074 

0BETA075 

0BETA076 

0BETA077 

OBETA078 

0BETA079 

0BETA080 

DBETA081 

•0BETA082 

0BETA083 

08ETA084 

0BETA085 

DBETA086 

0B6TA087 

0BETA088 

0BETA089 

0BETA090 
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SUBROUTINE  CNVRO 


Purpose.  Subroutine  CNVRG  calculates  the  true  values  of  eit'  t 
angle  of  attack  or  angle  of  sideslip  based  on  the  indicated  values, 
freestream  Mach  number,  and  constants  determined  from  data  fitting. 

The  iteration  performed  by  CNVRG  is  discussed  in  the  body  of  this 
memorandum  and  within  the  computer  code. 

Storage  Required. 

OCTAL  WORDS  DECIMAL  WORDS 

117  79 

Subprograms  Used. 

SIN  (sine  function) ,  ABS  (absolute  function) 

Calling  Statement. 

CALL  CNVRG  (Bl,B2,Sl,S2 ,TAUV , AMCT , CONVR, IFLG,TAU , IFLAG) 

Calling  Argument  Input. 


INPUT 

DESCRIPTION 

UNITS 

B1 

constant  in  the 

intercept  equation 

deg 

B2 

constant  in  the 

intercept  equation 

deg 

SI 

constant  in  the 

slope  equation 

deg 

S2 

constant  in  the 

slope  equation 

deg 

TAUV 

indicated  angle 

deg 

M  AMCT 

freestream  Mach 

number 

N-D 

CONVR 

iteration  convergence  factor 

deg 

IFLG 

iteration  request  flag 

IFLG  =  2,  angle  of  attack 

IFLG  =  3,  angle  of  sideslip 

... 

Calling 

Argument  Output. 

OUTPUT 

DESCRIPTION 

UNITS 

TAU 

true  angle 

deg 

IFLAG 

error  flag  (see 
routine  ANGLES) 

Error  Flag  Structure,  Sub- 

— 
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Program  Description.  Subroutine  CNVRG  initially  sets  the  true 
value  of  ~ thedesTred- angTe-  to  the  indicated  value  and  calculates  a 
delta  value  based  on  the  entered  constants  from  curve  fits.  The 
subroutine  iterates  until  two  consecutive  values  of  the  delta  value 
are  less  than  or  equal  to  the  iteration  convergence  factor.  However, 
if  more  than  20  iterations  are  required,  the  error  flag  is  set  and  the 
true  value  is  returned  as  the  value  from  the  last  iteration. 


Program  Listing. 


SUBROUTINE  CNV RG( B1»B2 ,S 1.S2 , TAUV, AMCT.CONV R , I FLGiTAU , IfLAG )  CNVRG 

************************************** *************** ************* CNVRG 

CNVRG 

SUBROUTINE  CNVRG  DETERMINES  THE  VALUE  OF  A  TRUE  ANGLE  FROM  ITS  CNVRG 
INDICATEO  VALUE  ANO  CONSTANTS  DETERMINED  FROM  CURVE  FITS.  THE  TRUECNVRG 


ANGLE  IS  RELATED  TO  THE  INDICATED  VALUE  BY 


TAU 


TAUV  ♦  QELTAU 


THE  VALUE  OF  OELTAU  VARIES  LINEARlLY  WITH  MACH  NUMBER  SQUARED  SO 


CNVRG 

CNVRG 

CNVRG 

CNVRG 

CNVRG 

CNVRG 

CNVRG 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 


OELTAU  -  INTERCEPT  ♦  ( SLOPE*  AMCTMMCT ) 

CNVRG  13 

HUMLVtR*  BOTH  THE  SLOPE  ANO  INTERCEPT  VARY  *ITH  THE  TRUE  ANGLE  SO  CNVRG  14 


THAT 


INTERCEPT  -  B1*SIN(2*TAU>  ♦  82*SIN  (2*TAU) 


SLJPfc 


S1*SIN(2*TAU)  ♦  S2*S I N  (2*TAU) 


THIS  SYSTEM  OF  EQUATIONS  IS  SOLVED 
TECHNIQUE  IN  BOTH  THE  ANGLE  OF  ATTACK  AND  ANGLE 
CALCULATIONS. 

EXTERNAL  VARIABLES— 


INPUT  - 


USING  A  CONVERGENT  ITERATION 
OF  SIDESLIP 


CNVRG  15 
CNVRG  16 
CNVRG  17 
CNVRG  IB 
CNVRG  19 
CNVRG  20 
CNVRG  21 
CNVRG  22 
CNVRG  23 
CNVRG  24 
CNVRG  25 
CNVRG  26 


NAME 

DESCRIPTION 

UNITS 

CNVRG 

B 1 

- 

CONSTANT  IN  THE  INTERCEPT  EQUATION 

-  DEGREES 

CNVRG 

B2 

- 

CONSTANT  IN  THE  INTERCEPT  EQUATION 

-  DEGREES 

CNVRG 

SI 

- 

CONSTANT  IN  THE  SLOPE  EQUATION 

-  DEGREES 

CNVRG 

S  2 

- 

CONSTANT  IN  THE  SLOPE  EQUATION 

-  DEGREES 

CNVRG 

TAUV 

- 

INDICATED  ANGLE 

-  uEGREES 

CNVRG 

AMCT 

- 

FREESTREAM  MACH  NUMBER 

-  ******* 

CNVRG 

CONVR 

- 

ITERATION  CONVERGENCE  FACTOR 

CNVRG 

IFLG 

- 

ITERATION  REQUEST  FLAG 

-  ******* 

CNVRG 

IFLG-2 .ITERATION  REQUESTED  ON  ANGLE 

CNVRG 

OF  ATTACK 

CNVRG 

IFLG«3, ITERATION  REQUESTED  ON  ANGLE 

CNVRG 

OF  SIOESLIP 

CNVRG 
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OUTPUT  -  TAU  -  TRUE  ANGLE  -  OEGREES  CNVRG  AO 

IFLAG  -  ERROR  FLAG  -  *******  CNVRG  Ml 

IFLAG-2, CNVRG  INTERNAL  CONVERGENCE  CNVRG  A 2 

ON  ANGLE  OF  ATTACK  FAILED  NVRG  A3 

IFLAG-3, CNVRG  INTERNAL  CONVERGENCE  CNVRG  AA 

ON  ANGLE  OF  SIDESLIP  FAILED  CNVRG  A A 

IFLAG-5, CNVRG  INTERNAL  CONVERGENCE  CNVRG  Ao 

ON  ANGLE  OF  ATTACK  AND  CNVRG  A7 

ON  ANGLE  OF  SIDESLIP  FAILEO  CNVRG  Ad 

CNVRG  A9 

REVISION  RECORD-  CNVRG  AO 

NAME  DATE  CNVRG  SI 

WRITTEN  BY  -  NARK  KQRSMO  9  FEB  1978  CNVRG  A 2 

RE VISEO  BY  -  KEN  RAWLINGS  23  JUL  1981  CNVRG  53 

CNVRG  5A 

A*************** A************ ************************************* CNVRG  55 
REAL  INTER  CNVRG  56 

C  DEFINE  STATEMENT  FUNCTIONS - CNVRG  57 

SINE2A(A)-SIN(2.*A/57.29b>  CNVRG  58 

SIN2SQ(A»-$IN(2.*A/57.296)*SIN(ABS(2.*A/57.296n  CNVRG  59 

C  INITIALIZE  ITERATION  VARIABLES - CNVRG  60 

TAU-TAUV  CNVRG  61 

DTAULI-0.0  CNVRG  62 

C  ITERATE  TO  OBTAIN  TRUE  ANGLE - CNVRG  63 

00  100  1-1 *20  CNVRG  6A 

INT£R-Bl*SINE2A(TAU)«B2*SIN2SQ(TAU>  CNVRG  65 

SL0PE*Si*SINE2A( T AU ) +S  2*S IN2S0 ( TAU )  CNVRG  66 

DELTAU  -  INTER  ♦  ( SLOPE *AMCT*AMCT )  CNVRG  67 

TAU-TAUV  *  DELTAU  CNVRG  68 

IF(ABS(0ELTAU-0TAUL1)  .LE.  CONVR )  RETURN  CNVRG  69 

DTAULI-DELTAU  CNVRG  70 

100  CONTINUE  CNVRG  71 

C  SET  FLAG  DENOTING  FAILURE  OF  ITERATION  TO  CONVERGE - CNVRG  72 

IF  (  ( IFLAG  ,E0.  IFLG)  .OR.  (IFLAG  .Ed.  5 )>  RETURN  CNVRG  73 

IF ( ( ( l FLAG* IF LG )  .Ed.  5)  .OR.  (IFLAG  .Ed.  0))  I  FLAG* I  FLAG* IFLG  CNVRG  7* 

RETURN  CNVRG  75 

END  CNVRG  76 
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